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THE SUPERINTENDING ENGINEER, 

Sabdah Canal, Oudh. 



To 



THE CHIEF ENGINEER, 

Department Public Works, Oudh, Lucknow. 

Lucknow, September 1st 1870. 



Sir, 



With reference to my letter No. 189, dated 22nd June 1870, stating 
that the project for the Sardah Canal would be ready for submission on 
1st September 1870, I have the honour to forward the report on the 
Proposed Canal together with : — 

12 Appendices as per list on Page IV of report. 

8 Volumes, Estimates of Masonry Works on Canal. 

8 „ „ Earthwork 

5 Maps as per list on Page V of report. 
43 Drawings of Masonry Works, &c. Page VI. 
61 Plans and Sections of proposed Canals. Page VII. 



I have the honour to be. 

Sir, 
Your most obedient servant, 

J. G. FORBES, Captain, R. E., 

Offg. Superintending Engineer, 

Sardah Canal, Ovdh. 
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Beport on the Sardah Canal Project by Captain J. Q. 
Forbesi 2. Et^ Officiating Superintending Engineer. 



SECTION I. 



Introduction. 



1. ITie tract of country to be provided with irrigation (vide paras. 
1 and 3 of General Report) contains an area of upwards of 20,000 square 
miles ; extending from Burm Deo, at the foot of the Himalayas, to Bey- 
reah, at the jimction of the rivers Gogra and Ganges. It is bounded on 
one side by the rivers Gurha or Deoha* and Ganges ; and on the other 
by the Gogra. — Vide Map No. 1 of the Gogra-Ganges Doab. Scale — 8 
miles = 1 inch. 

2. At Burm Deo, 846 feet above mean sea level, t the river Sardah, 
after a course of 200 miles, issues out of the hills, and running in a south- 
easterly direction a distance of more than 100 miles, separates into two 
branches; the main one falling into the Gogra, 30 miles further on, at 
Mullapore ; and the second or smaller branch, which in ordinary seasons is 
dry at its head, joining the same river at Byramghdt, 45 miles below MuUa* 
pore, where the reduced level of water surface is 336 feet, or 510 feet below 
the Sardah at Burm Deo. 

3. The Doab, or country between the Gogra and Ganges, is divided 
into three minor Doabs, by the small rivers Goomtee and Sye ; the for- 
mer having its sources at Mina Kote, 630 feet above mean sea level, but 
not appearing as a distinct stream until it arrives near Madho Tandah, 
610 feet above the sea ; and the latter rising at Sissoree, ( a small village 
12 miles east of Shahjehanpore, ) 499 feet above sea level. After run- 
ning nearly 300 miles, this stream falls into the Goomtee, below Jaun* 
pore, at a level of 214 feet above the sea ; the combined rivers then flow 
on for 25 miles, and fall into the Ganges about 17 miles north-east of 
Benares, the reduced level of water surface at junction being 192 feet 
above mean sea level 

4. The watershed of the Doab, (292 miles in length by 18 miles in 
breadth,) between the Gogra and Goomtee, runs from Mina Kote| to Fy* 
zabad, 200 miles, and from thence to Azimghur, a further distance of 85 
miles. The fall in the country is considerable, especially in the upper 
portion ; from Burm Deo to Bunbassa, 9 miles, the slope is 12^ feet per 
mile, or 1 in 422 ; and from Bimbassa to Mina Kote, 21 miles, it is 6 
feet or 1 in 880. Mina Kote is, as already stated, 630 feet above sea level ; 
30 miles below Mina Kote, at Seramow, the reduced level is 556 or 74 feet 
lower, giving a slope of nearly 2^ feet per mile (1 in 211 5. ) 40 miles 



* Galled Deoha, above Shahjehanpore and G-urha, below it. 

t The figures marked on plant and Mctions forwarded with General Beport last year, were referred to Idea- 
tenant Anderson's datum at IBurm Deo, vide para. 7 of G-eneral Beport : connection having now been made 
with the Great Trigonometioal Surveys Series, the levels in present report and plans are all referred to the 
G. T. S, datum, viz., mean sea level at Eurrachee Harbour. 

The levels on former plans and seddons, if deducted from the constant 958'94 will show heights above 
mean sea level. 

t In Para. 8 of General Beport, it was erroneooaly stated that Soorae, 12 miles above Mina Kote, was at 
the head of the watershed. But survevs and levels executed last year, show that the old maps ( made in 
1884-86 ) are incorrect, and that the luda swamp does not drain into the Kunhont nnddee, but direct into the 
river Ghtfha, what is shown in the old maps as a drainage chimnel. is actually an artificial watercourse excayat* 
ed many years ago to supply water for Uw irrigation of the low land at the head of Uie Knnhoati 
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below, at LTikheempore, the ground is 484, the slope in this distance then 
is reduced to 1'80 feet per mile (or 1 in 2,933). At Uncha Khera, 17 
miles lower down, ( the head of the watersheds between the Gogra, Kul- 
lianee, and Goomtee, ) the reduced level is 453 or stiU 1 '80 per mile. Below 
Uncha Khera the slope decreases, for at Ghyla, 23 miles lower, the reduced 
level of ground is 424, or at the rate of 1*26 only per mile or 1 in 4,190. 

« 

This slope continues from Ghyla to Rudowlee, 65 miles (the head of the 
watersheds between the Gogra, Tonse, and Goomtee ), where the reduced 
level is 340. From here to Azimgurh, 110 miles, where the reduced level 
of the country is 247, tlie fall is still further reduced to '84 per mile, or 
1 in 6,285. 

5. The watershed of the main Doab (360 miles by 12 miles), be- 
tween the Goomtee and Ganges, runs from Mina Kote to Sissoree, 
(above the source of the river Sye ) 55 miles. The slope in this distance 
being nearly 2^ feet a mile, ( 1 in 2, 1 1 5 ) or the same as the first thirty miles 
in the Gogra-Goomtee Doab. From Sissoree to Madhoganj, 55 miles, 
where the reduced level is 446, the slope is nearly one foot a mile ,( ^ i^ 
5,280 ) and from Madhoganj to Morawim, reduced level 387, distance 
75 miles, the faU is reduced to 74 per mile ( 1 in 7,135 ) which slope is 
increased to 78 per mile ( 1 in 6,769) to Benares, 180 miles lower down 
the Doab, where the reduced level is 253. 

6. The Doab between the Goomtee and Sye is 247 miles in length, 
with an average breadth of about 1 8 miles. Commencing at Sissoree, 
with a reduced level of 499, it runs for 57 miles with a slope of about a 
foot per mile ( 1 in 5,280 ) to Balamow, where the groimd is 434 feet 
above the sea. From thence to Surthooa, ( 8 miles south-east of Luck- 
now ) 53 miles, reduced level 395, with a fall of 74 per mile ( 1 in 7,135 ); 
and from Surthooa to Jaunpore reduced level 276, distance 137 miles^ 
the slope, as in the Sye-Ganges Doab, is increased slightly to 78 per 
mile or 1 in 6,769, 

7. Having thus glanced at the relative heights along the different 
watersheds of the Gogra-Ganges Doab, if we examine the levels of the 
water surface in these two rivers, or in the Goomtee and Sye, we find 
that on cross sections taken perpendicular to the watersheds, these streams 
are everywhere from 30 to 70 feet below the high land on either side of 
them. 

7 A. For taking first the Sardah and KorealKe or Gogra* ( vide 
also section on opposite page ), we see that between Goosree and Moondeea 
Gh^ts, 8 miles east of Mina Kote, the river is 58 feet below the point 
where irrigation is required to commence. Opposite Seramow,. it is 52 
feet below the ground. Near Gola Gokamath, it is 35 feet below the 
surface of the country, and carrying on the section to the Koreallie, where 
ib issues out of Nepal, we find the river at that point to be 18 feet lower 
than the Sardah> or 53 feet below the watershed. At MuUapore, the 
junction of the Sardah and Koreallie, this depth has increased to 70 feet. 
At Byramghdt it is 52 feet below the surface, and at Fyzabad, 30 feet. 



€h>omtee-Ga]ige8 Doab. 



€k>omte6-Sje Doab. 



Water Bar£ftoe lereb of 
riTor. 



Biyer Sardah a&d Eoml' 
lie or. Qogra. 



• Thifl river is called the Koreallie in the upper part of its oouiBe j after it« junction with the C^irwa and 
Sardah, it i» called the G^ogra. 
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Eiver chchges. 8. Looking now at the Ganges^ we find that on the watershed, op- 

posite to Futtehgurh, the country is 70 feet above the river; opposite 
Cawnpore it is 45 feet ; near Allahabad, 66 feet ; and at Benares 58 feet. 

Biver Goomtoe. 9. The Goomteo runs in a like depressed channel, for near Hurdui 

the river is 51 feet below the surface ; at Lucknow it is 66 feet below the ' ^ 
watershed, near Alum B^h ; at Amghdt it is still 66 feet below the 
country; at Sultanpoor, 61 feet; at Jaunpore, 51 feet; and at its junc- 
tion with the Ganges, 55 feet. 

Biyep Bye. 10, Similarly, the Sye at Hurdui, is 30 feet below the country ; at 

Ajgaen it is still 30 feet lower than the level of the ground ; and thi» 
depth increases to Pertabgurh, where the river is 60 feet below the wa- 
shed. 

s<^enae of Canal as pro- n. A schomo for a proposcd canal to irrigate the high plateaus 

posed in General Beport of . . . 

1869. existing between each of these rivers, was sketched out in the General 

Report, submitted last year. Briefly stated, the project was to lead out 
a canal from the Sardah at Nuglah or Kunjah Bojh (18 miles below 
Burm Deo ) which in 14 miles would run to the surface of the country at 
Mina Kote, where the canal was to divide into two branches, following 
the course of the high ground in each of the Doabs ; the right, or Bena- 
res branch running down the watershed of the country to Benares, throw- 
ing out a smaller branch to Lucknow and Jaunpore at Sissoree, the head 
of the watersheds between the Goomtee, Sye^ and Ganges. 

The left or Fyzabad branch was intended only to supply water to 
the country as far as Uncha Khera, at which place a supplementary 
channel from the Sardah, or KoreaUie would join it, and running down 
the country between the Gogra and Goomtee, would irrigate the Fyzar 
bad, Azimguxh, and Ghazeepore districts. 

Botation ^tem. unavoid- 12. The amount of water in the river Sardah, during the months of 

minimum supply, from January to April, was not sufficient, however, to* 
irrigate the Doab between the Goomtee and Ganges without adopting, ; 1 
tha " Tahteel" or rotation system in the Benares, Lucknow and Jaun- ;^ 

pore branches respectively. This method, although in use on other /^ 
canals is avowedly an objectionable one, and would not have been advocat- uj 

ed had there been any other more economical mode of supplying the irri- 
gation required. It will be seen^ however, that in the present project, it 
is only in extraordinary years, when the supply in the river falls abnor- 
mally low,, that recourse will have to be made to the rotation system. 



SECTION IL 



Sources of Supply. 



13. Sources of supply other than the Sardah had of course been 
examined, but could only be cursorily alluded to in the former report 
( paras. 23 — 26, ) as the surveys had not then been completed. These 
having now been finished, it is possible to answer the questions contained 
ia the instructions in Secretary to Chief Commissioner, Oudh, Depart- 
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ment Public Works, letter No. 3876, dated 21st March 1 870, regarding : — 

1. " Investigation of supply from the Koreallie, its difficulty and 
expense. " 

2. " Examination of Goomtee and Sye, to see if high land can be 
found at any point suitable for a crossing, ajid thus to save the cost of 
heavy embankments and expensive aqueducts across those rivers." 

3. " Examination of site at Byramghdt, with the view to a weir 
being constructed there on the kunkur shoals at a reduced cost." 

4. " Careful enquiry into the feasibility of conveying a supply from 
Byramghit across the Goomtee, in order to irrigate the Gtx>mtee- 
Ganges Doab. " 

It is easy to see from the accompanying map ( on 8 miles to an inch 
scale ) of the Gogra-Ganges Doab, the relative levels of the rivers, and 
the ground that can consequently be irrigated ; and thus to deduce whe- 
ther it is possible to utilize any other river in conjunction with the Sar- 
dah, so that the rotation system may be avoided. 

14. The cold weather, or lowest discharges in average years of the Dwchargce of nrm in 
rivers in Oudh are as follows : — 

Koreallie, 11,000 cubic feet per second, at Eamnuggur, where 

it issues out of Nepalese Territory. 

Sardah, 5,500 cubic feet at Bunbasa. 

Gogra, 18,000 cubic feet at Byramghdt. 

Ganges, 5,000 cubic feet at Cawnpore. 

Goomtee, 500 cubic feet at Lucknow. 

Sye, 30 cubic feet at Pertabgurh. 

In the North- Western Provinces, the river Gurha, below the junction of 
the Kunhout Nuddee, at Shahjehanpore, has a discharge of 225 cubic feet. 

15. Naturally, the Koreallie, with its minimum supply of 11,000 Heigiit of rirer KomUw, 
cubic feet per second, would be the first river exammed to see if it is feasi- 
ble to take out a canal from it for the irrigation of the lower part of Oudh, 

and Azimgurh ; and possible, by an aqueduct across the Goomtee, to the 
Benares and Jaunpore Districts. 

Referring to the map, however, it will be seen, that at Bamnuggur 
(about 10 miles from the foot of the hills) the river is only 449 feet above 
mean sea level. The section opposite para. 7 A, also shows that the 
Sardah, which runs adjoining to the Koreallie on the west, is everywhere 
considerably higher than the latter river. 

1 6. Supposing a channel taken out on a slope of only one foot in ^^5^^!X^"^**'^^ 
five miles (or 1 in 26,400) from the Koreallie at Ramnuggur, it would 

have to run nearly due south to Chuknathpore in order to cross the Sardah 
on the same level ; from thence, allowing the same slope of bed to the 
canal, the water in the channel would not run to the surface until it 
arrived at Ghyla (70 miles from Ramnuggur), below which point the whole 
of the Doab between the Gogra and Goomtee would be commanded. 
Map No. 3 and Section No. 59 show clearly the nature of the ground to 
be traversed between Ramnuggur and Ghyla. 
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17. We have now to consider how the water can be taken to the 
Goomtee-Sye Poab. At Ghyla, the country is 424 feet above mean sea 
level and the bed of the canal would be 417. The best position, then, for 
the Goom'tee-Sye Canal to cross the Goomtee would probably be near 
Mungooan (21 miles from Ghyla), below the junction of the Suraen Nud- 
dee (where the reduced level of water surface in the cold weather is 364, 
or 63 feet below bed of canal at Ghyla), for, say that the bed of the aque- 
duct over the river is kept 30 feet above water surface so as to admit of 
moderate digging in the high land (which it must be recollected is every., 
where from 50 to 60 feet higher than the river Goomtee), and not very 
p?:ceg3ive embankment in the Khadir ; that two 1 feet falls are made 
between Ghyla and Mungooan, and that the remaining 2 feet is lost in slope 
of cayial^ we arrive on right bank of Goomtee with a reduced level of 394 
for bed of canal, and crossing the Beyta Nuddee, above Kakoree, the 
water will run out to the surface a few miles south of the Cantonments of 
Lucknow ; from whence a line to Morawun, will lead the water of the 
Korealiie to the watershed of the Sjre-Ganges Doab, 

1 8. The length of this canal from Ramnuggur to Morawun would be 
145 miles, viz., 70 from Ramnuggur to Ghyla ; 55, Ghyla to Lucknow ; and 
20, Lucknow to Morawun. The cost of the canal channel alone, may be 
estimated a £5,000 per mile, from Ghyla to Lucknow, and £3,000 per 
mile from Lucknow to Morawun ; the probable expenditure on this 
account then wpuld be-^ 



£685,000 to wh^jh amount would have to be added--' 

« 

£455,000 *for the weir across the Korealiie, 
£120,000 for the Sardah dam, 

£40,000 for the Goomtee aqueduct, 

£15;000 for the Beyta and Sye aqueduct, or a grand total of 

£1,315,000 



BiaadT^ntages of Bofnr jg^ Putting aside the obvious disadvantages entailed in the execu- 

tion of a canal across the low lying valley of the Gogra, intersected a^ it 
is with innumerable streams and swamps ; the unadvisability of leading 
water across land, where the level of springs is aheady within 2 to 10 feet 
from surface ; and the imprudence pf constructing a channel in the high 
land crossing all the natural drainages which supply jheels and tanks from 
which there is already existing irrigation, the stoppage or diversion of 
which drainages will be keenly resented by landowners, and the interfer- 
ence with which irrigation will create considerable changes in the revenue 
settlements of the districts traversed by the possible Ramnuggur line ; the 
fact of its costing upwards of a million and a quarter sterling merely to 
bring water to the surface for the supply of only half the country in the 
Gogra-Gangetic Doab (vide para. 20), would tend to show that a canal in 
this direction could not be made with any advantage to the country. 



- ' 

• Tlie estimate for the weir and head Trorks aoross the rirer Ganges at B%h^ where the ri; 
emaUer than the Korealiie at Kamnuggor, amounted to £100 per ruimiog foot— Fttfe Gangea Canal Oonmu 
Eepprfc, Appendix F. Estimate No. 8. Page XXVIII. 
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20. Some prominence, however, has been given to this scheme in 
order to impress upon the mind that with a canal led out from the Kore- 
allie at the highest spot from which it is possible to lead it out, the irriga- 
tion from it can only commence to the east of a line drawn due south 
from Ramnuggur on the Koreallie, to the Ganges at Dalamow ; and that 
to the left of this Une, where it must be borne in mind, water is more \ir- 
gently required than in the lower part of the Doab {vide para. 1 of 
General Report) the irrigation must be provided from some source other 
than the Koreallie. 

21. The above scheme being inexpedient to adopt, Mullapore, at the 
junction of a branch of the Sardah with the Gogra, might be considered 
as a possible favourable site for the head of a canal ; for by damming off 
the second or right branch of the Sardah (which joins the Gogra at By- 
ramghdt) we avoid the necessity of crossing that river, and wiU thus save 
some expense ; although, by fixing the canal head lower down the Gogra, 
the cost of the weir across the river will be increased ; and we lose a con- 
Biderable amount of irrigation vrhich could have been provided from tiie 
Ramnuggur line. 

Mullapore is 375 feet above mean sea level, or 74 feet below Ram- 
nuggur. Taking out a canal from here we run to the surface in the Gog- 
ra-Gomtee Doab at Tikaetnuggur, a few miles north of Durriabad. The 
bed of the canal at Tikaetnuggur being 353, allowing two 10 feet falls, 
we cross the Goomtee north of Inhona by an aqueduct 30 feet above 
water surface level, and arrive on the Goomtee-Sye Doab at Buma, 23 
miles west of Sultanpoor, with a reduced level of bed of 325. 

Crossing the Sye-Nuddee south of Amethee, the Sye-Ganges Doab 
is gained a few miles west of Soraon ; or in other words, a line drawn from 
Mullapore on the Gogra to the Ganges at Allahabad will show the ex- 
treme western limit of irrigation that can be derived from the Mullapore 
line. 

22. On the face of it, it is evident that the makiog of such a line 
would involve too great an expense for the comparatively small area of 
irrigation that could be derived from it ; but to remove all doubts, let us 
see the probable cost of this line. Putting the Gogra weir at £530,000, 
culverts and drainage works in the Khadir £50,000, aqueducts over Kul- 
leanie, Goomtee, and Sye rivers £60,000, canal channel from Mullapore to 
Buma (110 miles at £5,000 per mile) £550,000, and from Buma to Soraon 
(55 miles at £3,000 per mile) £165,000, we have a grand total of 
£1,355,000 or £40,000 more than the cost of the Ramnuggur line. 

23. Appendix A gives a description of the project by Sir Arthur Project by Sir Arthur Oot- 
Cotton and Colonel Rundall for the irrigation of Oudh. the iwigatira of ChSoi. 

It will be observed that " Main Tmnk Canal No. 3 from Mullapore," 
is intended to cross the Goomtee north of Lucknow. The levels on the 
map show the impracticability of the scheme. 

24. We have next to consider the possibility of taking out a canal Byramgha Channel md 
from Byramghdt, where the cold weather water surface in the river Gogra 
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is 336 feet above mean sea level. A channel from which point would reach 
the Gogra-Goomtee Doab a few miles south east of Rudowlie with a 
reduced level of bed of 320, and allowing for one 10 feet fall, would cross 
the Goomtee north of Dadruh, and the Sye west of Pertabgurh, arriving 
on the watershed of the Sye-Ganges Doab west of Phoolpore, but the 
area of irrigation that could be commanded would barely exceed 2,000 
square miles, and the cost of the channel simply to bring water to this 
tract would again be upwards of a million sterling. 

Viz. Weir at Byramghdt 

Aqueducts for Goomtee and Sye 
Drainage works. 

Canal channel 70 miles at £5,000 per mile, 
Ditto 50 miles £3,000 per mile 



• • t 



• t • 



je562,000 

60,000 

£10,000 

£350,000 

£150,000 



Total, 



• t • 



• • • 



£1,132,000 
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25. Attention has been drawn to the circumstance that, in conse- 
quence of the existence of kunkur shoals at Byramghdt, a weir might 
possibly be built there at less cost, than anywhere else on the Gogra, but 
a very slight consideration, when the true state of the case is known, will 
show, that instead of the kunkur shoals reducing the cost, they will increase 
it. Kunkur shoals do exist, but they are in small isolated patches a few 
square yards in extent, and are nowhere more than 3 to 4 feet in depth. 
Borings show that to a depth of 30- feet, below which depth it was not 
considered necessary to bore, nothing but pure sand is met with. 

Even allowing that a kunkur shoal existed across the whole width of 
the stream, it would be impracticable to build a weir on a reef only 4 feet 
thick, overlying pure sand which extends to an unknown depth. 

26. The Ganges Canal Conmaittee, when reporting on the design for 
weirs across the Ganges, which has a cold weather discharge of about one 
fourth of the Gogra at Byramghdt, pointed out that the foundations would 
have to be secured against two distinct forces. 

1st. "The scouring action which is produced when the stream 
" meets with an obstruction, and which would undermine and destroy the 
" foimdations, unless they are carried down to the full depth to which 
" the scouring extends, or unless they are protected by a mass of stone 
" or other suitable material. " 

2nd. " The pressure arising from the water on the up-stream side 
" of the weir being ponded up above the level of the water on the down- 
" stream side ; for unless the pressure is counteracted by the formation 
" of the foundation wells, or filling between them, into a water tight 
" screen, it will force the water through, and by carrying with it the sand 
"under the body of the work would cause it to subside and fall to 
" pieces. " 

27. This being the nature of the action to which the foundation 
would be subjected; it is evident that the weir cannot be built on the 
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kiinkur shoals, but mu^t be founded on wells ; and the cost of sinking these, 
through the kunkur reefs, would, of course, bQ considerably more than if 
they were carried down in pure sand only, 

That a permanent structure cannot be maintained on suteh shallow 
kunkur shoals ^ those at Byramghdt, has been practically proved ; for 
three years ago a circular masonry pier, 90 feet in diameter, was built 
on a reef extending out from the left bank of the river, which was intended 
to act as the permanent head for the Byramghdt and Baraich road. The 
very first flood that came down, however, carried away both permanent 
head and kimjcur shoal, not a vestige of either remaining ; and wh§r§ they 
did exist the river is now 30 feet deep. 

28. The sketch (compiled jfrom maps supplied by Executive Engi- 
neer, 2nd Oudh Road Division) on opposite page, showing the changes in 
the course of the Gogra, will prove that Byramghdt is not a favourable site 
for a weir, The stream of the river, on a length of upwards of a mile 
and a half north of Byrampore, has shifted completely over to the east, 
and encroached an the land half a mile within its old bank of 1863 ; this 
action is still going on, and a weir belo\y the confluence of the Chowka 
or Sardah, where only it could be placed, would therefore be liable to have 
its left flank turned j for without going to an enormous expense, and even 
then the result would be doubtful, no amount of protecting works could 
for any length of time retain, in its desired channel, a river like the Gogra, 
running as it does between banks of pure sand, which are constantly 'being 
eroded, and where no dependence can be placed ou the stream remaining 
in one channel even for a few weeks at a time.* 

29. The above facts, together with the cost of the channel, would Unadvisabflity of eonr 

, , . ^ Biructing the BjTamgh^t 

(demonstrate the unadvisability of constructing a canal from Byramghdt ; dianijei. 
lower than which point, it is evident from the levels of the river, it is not 
advantageous to take out a canal from the Gogra, for the yery limited 
area which would come under its operation. 

30. Unwillingly then, we m^st abandon the idea of leading a eanal 
from this magmficent stream, and, turning to the Ganges, mnst seek for 
pome position from whence it may perhaps be possible to irrigate the 
Goomtee-Ganges Doab ; but here again the peculiar configuration of the 
country confronts us with special difficulties entailing considerable expense 
in the execution of any scheme from this river ; for at Futtphghur, above 
the junction of the Ram Gunga, the level of th^ water is only 396 feet 
above the sea, and supposing a canal taken out from here with a slope of 
one foot in five miles ( 1 in 26,400) it would not commence irrigating 
for upwards of a 100 miles, or until it arrived at Morawun. 



Abandonment of Eoreal? 
lie, or Qogra, f» a source of 
supply. ^ 



Clianpel from the Ganges 
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31, The cost of this scheme would again exceed one million pounds ; 
and for the greater part of its distance the channel would have to be taken 
along the Khadir, or low land of the Ganges, where water is everywhere 
met with withjn a few feet pf tl^e surface^ and where consequently the iur 
troduction of a canal in embankment would deteriorate what is now good 
land, by raising the levels of springs to the surface of the ground. It is 
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nel. 



* Siuce this was written, it is reported tliat a considerable portion of the left bank ai>d of the yilla^e of 
P^mpore has been washed awa^. 



|-T-j,^....T "?»%/tV^ 



ku 
thj 
th 

ku 
th 
on 
to 

he 
di 



th 
fo; 
ad 
aii 
ad 
or' 
iti9 
th 
fo] 
ru 
er 
in 

de 
loi 
ad 
aP 

fr< 
eoi 
G< 
cot 
m 
th. 
»b 
on 
foi 



ail! 
trc 



a irashod vw^j^ 



( 9 ) 

evident, then, that Futtehghur is not a suitable place for the head works of 
a canal for the Goomtee-Ganges Doab. 

32. At Cawnpore, the height of the river is 360 feet above sea 
level, and a channel, 80 miles in length, led out from there would run to 
the surface a few miles south east of Selon, and would afford irrigation to 
only 2,000 square miles of country. 

A weir at Cawnpore, if built in conjunction with the railway bridge 
now building there, might perhaps be constructed at less cost than at Fut- 
tehghur; but yet, taking into account the numerous works that would have 
to be built for the passage of drainages in the Eiadir, the lowest estimate 
for this line would be a million sterling, which sum provides only for the 
dehvery of water on the surface at a spot about 35 miles north west of 
Allahabad. 

Below Cawnpore, the levels show that there is no suitable position for 
a dam ; and hence, the Ganges and Gogra both being unavailable as the 
sources of canals, at a reasonable cost, we must fall back, as already stated 
in paras. 23 to 28 of General Report, upon the only remaining river, viz., the 
Sardah, from which it is possible to get a supply; for neither the Goomtee or 
Sye carry down a suflBcient amount of water to be utilised with any profit. 

Comparison of oort; in 33. Now, iQstead of expending upwards of a million sterling in the 

&oe of the oonntiy. Construction of channels which merely lead the water to the surface of the 

ground for the irrigation of less than half the area comprised in the Gogra- 
Ganges Doab, and where at least three millions more must be spent in 
continuing the lines of canals down the different watersheds, we find by the 
detailed estimates attached to this Keport that water can be led to the 
surface of the country at Mina Kote, the head of all the watersheds, for 
£ 759,000, a sum which includes the cost, not only of the main canal itself, 
but also of the escape, and of the regulating bridges at each of the heads 
of the branches, and when delivered at Mina Kote, the canal has command 
over the whole coimtry. 

34. It may perhaps, however, be considered that the expenditure of 
a million poimds on a channel from the Gogra or Ganges, will be more 
economical than the cost of taking a canal down the whole length of the 
watershed from Bunbassa to Morawun. 

Turning to the estimates, however, we find that this line will cost 
£ 1,589,500 ;* the area' that can be irrigated from it (not including khadir 
lands, &c.) is upwards of 2,300 square miles, or 1,427,000 acres, out of 
which amount, say that only 475,000 acres are annually irrigated at 
SiS. 2-8t per acre, or a return of £1,18,750 ; being at the rate of 7^ per cent, 
per annum, exclusive of miscellaneous dues for navigation, mills &c., i. e. we 
irrigate the whole coimtry from Mina Kote to Morawun, get a gross return of 
7^ per cent, on the outlay, and stiU have 1,762 cubic feet of water to 
spare (vide section No. 19 Benares Branch) for the irrigation of the country 

* Cofit from Bunbassa to Mina Kote £769,000, for which sum 6,30f) cubic feet are delivered; of which 4,900 
cubic feet are required for the Benares and Jaunpore branches. The proportionate cost therefore due to these 
branches is £590,500. 

Cost from Mina Kote to Sissoree £ 750,000, of which £ 428,000 is on account of the Benares line, or a 
Total to Sissoree of £ 1,018,500. 

Add cost from Sissoree to Morawun £571,000 and grand Total £ 1,589,500. 

t On the Ganges and Jumna canals Bs. 4, per acre. 
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between Morawun and Benares ; whereas, by the Gogra or Ganges chan- 
nels a sum of nearly one million pounds will be absolutely sunk without 
any return, as this channel cannot irrigate until it arrives at Morawun ; 
below which point the cost will of course be the same as that of the 
watershed line. 

35. True it is, that by this method, the whole of the Doab below 
Morawun will be furnished with a constant and steady amoimt of water, 
instead of the fluctuating supply entailed by the rotation system ; but this 
gain will not compensate for the extra expenditure that will be involved, 
when we consider the nature of a great portion of the country, between 
Morawun and Benares, where 70 per cent of the land is already watered 
{vide para. 39) and where, therefore, the disadvantage of lowering (not 
completely shutting off) the supply in the canal in alternate weeks for two 
or three months only in the year will not be felt as it is in the less favoured 
districts on the Etawah and Cawnpore Divisions of the Ganges Canal. 
From May until November there is always sufficient amount in the river to 
give fiill supply in all the branches of the canal ; and, as will be seen fur- 
ther on, arrangements have been made for admitting 8,000 cubic feet into 
the head of the canal, instead of 7,000, as calculated, without endangering 
the safety of the works, so that should the periodical rains fail, tanks 
and jheels can still be filled from the canal. 

36. In the same way, if a comparison is made between the cost of 
the Gogra or Ganges channels to either of the other Doabs, and the 
watershed line from Mina Kote ; it will be foimd in each case that the 
result will be considerably in favour of the latter. It must also be re- 
collected that the yearly repairs and cost of maintenance of a canal taken 
along the watersheds will be very much less than the annual expenditure 
on a channel carried in embankment across all the drainages in the khadir. 

37 In the remarks made by North Western Provinces Government 
on the General Report, allusion has been made to the possibility of sub- 
sidising the scanty supplies in the Goomtee and Sye, by supplementing 
them from the canal high up in their courses, and taking the water out 
again lower down ; but running as these streams do in deep channels from 
40 to 50 feet below the level of the country, it is evident that this will 
be a more expensive proceeding than leading a channel for 70 miles along 
the watershed of the country (vide para. 28 of General Report) for, in order 
to deliver the water into the river, a channel about ten miles in length with 
at least four masonry falls will have to be made ; an expensive weir will 
then have to be built lower down the river, and even allowing that the 
present water surface can be raised 10 feet, a channel, at least 50 miles in 
length, the greater part of which will be in deep excavation, will have 
to be dug to recarry the water to the level of the country again. 

38. Duly considering all the above facts, then, and bearing in mind 
that, with a channel from the Gogra or Ganges, the cost of irrigating the 
whole Doab will be upwards of 7^ millions, while the same object can be 
attained by the Sardah Canal for a little over 6 millions, it is evident that 
this latter is the more preferable project. Accordingly the plan and ar- 
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rangement for the distribution of water have been worked out in accor- 
dance with the origiiml scheme^ and the modifications pointed out by the 
Government of India. 



SECTION III. 

Sardah Canal. 
A. — DistrihtUion of Supply. 

Mgationai xeq[aiiem6iitB 39, Qf the gToss area of about 20,000 Square miles in the Gogra- 

Gangetic Doab, upwards of 3,500 square miles are included in khadir 
lands, &c., not requiring water, leaving a net area of 16,477 square miles to 
be irrigated (vide para. 41), but the districts traversed by the canal vary 
much, not only in soil and climate, but also in their need for water, for 
many are, in ordinary seasons, already extensively irrigated. 

Turning to Appendix I, we find that the Shahjehanpore branch of the 
canal will pass through land, of which about 9 per cent, is abready irrigat- 
ed ; the Benares branch to Sissoree, and the Fyzabad branch to Uncha 
Khera run through ground of an excessively sandy njature, where water is 
quite as much in demand as on the Shahjehanpore branch, the percentage 
of ground already irrigated being about 9 per cent, in the upper portion, 
and 5 in the Kheree district (13 per cent, on cultivation). Following the 
Benares branch down its course from Sissoree to Soraon, we find it runs 
through the Hurdui district which has 32 per cent, of its cultivated area 
irrigated from jheels, tanks, &c., (18 on gross area) then through Oonao, 
with 45 per cent, of cultivated area irrigated, (or 21 per cent, gross area), 
through Roy Bareilly, with 73 per cent, cultivated area irrigated (and 36 
per cent, of gross area) and finally through Pertabgurh, which has an 
irrigated area of 74 per cent, of cultivated area, (or 26 on gross area.) 

It is evident, therefore, that the same amount of irrigation is not re- 
quired in this part of the branch as on the upper portion, and on the 
Fyzabad and Shahjehanpore branches. 

The Lucknow and Jaunpore branch also runs through districts which 
are as well watered as the above, for it passes through Hurdui, with its 
32 per cent, of already irrigated area (18 on gross area) through Lucknow 
with 45 per cent, of cultivated area irrigated, (21 per cent, gross area) and 
through Sultanpoor with 78 per cent, of cultivated area irrigated, (or 37 
per cent, on gross area.) 

The Fyzabad Branch, below Uncha Khera, will pass through Seeta- 
poor, with 21 per cent, of cultivated irrigated area (12 per cent, gross 
area), then through Barabunkee, where 28 per cent, of cultivated area is 
already irrigated, (18 per cent, gross) and on through Fyzabad, where 
57 per cent, of cultivated area is irrigated, or 31 per cent, of gross area. 

Beyond Oudh, the canals are carried into the districts of Benares, 
Jaunpore, Azimgurh, and Gazeepore, where irrigation is much required, 
but the actual percentage of irrigated cultivated land, cannot here be 
given^ as accurate statistics have not yet been prepared. 
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40. On the Ganges Canal, the expenditure of water per Hneal mile Estimated expenditure of 

o ' ^ ^ ^ ^ ^ ^ water per sqiiare mile of 

of canal was taken at 8 cubic feet — ^which is equivalent to 1 foot per gww axea on ymooB canals, 
square mile of gross area^ if the canal irrigates 4 miles on either side ; to 
•80 cubic feet if it irrigates 5 miles, and to 70 if irrigating 6 miles. 

On the Baree Doab and Sutlej Canals, the above allowance was 
given to some of the branches, but was reduced to an estimated expen- 
diture of 6 feet per lineal mile on some of the minor branches, which 
would be equal to a consumption of '75 cubic feet, '60 cubic feet, and 
•52 cubic feet, according as the canal is supposed to irrigate 4, 5, or 6 miles 
on either side. 

On the Soane Canals an average allowance of '75 cubic feet per 
square mile of gross area was made. 

41. In the proposed scheme for the Sardah Canal, varying quantities Estimated expenditure of 
(depending upon the nature of soil, the width of Doab, rain fall, (vide gross arSion'sardahCaDaL 
Appendix H.) and the irrigational requirements of the Districts,) have 

been allowed for the expenditure on each of the branches, as will be 
seen in the following statement : — 



Name of brandu 



Shahjehanpore, 

Benares from Mina Kote to 
SisBoree, 

Ditto from Sissoree to So- 
raon, ... 

Pitto from Soraon to Be- 



nares, 



••• 



Lucknow and Jaunpore, ... 

Fyzabad from Mina Kote to 
Uncba Khera, ... 



Lucknow, 



... 



Fyzabad from Uncha Khera 
to Durriabad, 

Ditto from Durriabad to 
fyzabad, 

Durriabad and Jaunpore to 
Gazeepore, 

Azimgurh, 



Total,... 



Gtobb area in 
acres. 



272,640 



697,760 



2,235,520 



1,427,200 
2,288,000 

883,200 
577,280 



296,960 



364,800 



981,120 
620,800 



10,545,280 



a 

OB 



2* 



426 



934 



3,493 



2,230 
8,576 



1,380 
902 



464 



570 



1,533 
970 



16,477 



h 

C5 O 8 



I 



851 



682 



941 



1,899 
1,823 



1,065 
616 



347 



373 



1,236 
706 



OB 



9,539 



1 



o 

I Si 



•82 



•73 



•28 



•63 
•51 



•77 
'67 



•74 



'65 



•80 
•73 



•58 



i 



S-2 



ni 

9 



lull 

Pu 



87,750 



170,500 



235,250 



849,750 


24 


456,750 


19 


266,250 


80 


154,000 


26 



a 
o 



86,750 

93,250 

309,000 
176,500 



2,384,750 






32 



28 



10 



29 

26' 

31 
28 



22 



42. It will be observed that the amount of water allowed per square PosribiUtv of inereanng 

., p • i» .ct V.' r J. xi. T 1 J t' estimated allowance in extra- 

mile of gross area vanes from '51 cubic teet on the JLucknow and Jaunpore ordinary years. 

Branch, to "82 cubic feet on the Shahjehanpore, but in that portion of the 

Benares Branch which passes through the already well watered districts 

of Oonao, Roy Bareilly, and Pertabgurh, the allowance is reduced to '28 
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suflBcient to provide the full emount required for each of the branches of 
the canal ; and this supply can always be maintained until the beginning 
of November ; thus the first watering, for both the kharff and rabi crops, 
will be secured. In extraordinary years, full supply cannot be turned 
down the canal until the end of May, when water will still be in urgent 
demand for the preparation of land for the "kharff" ; by the middle of 
June, 7,850 cubic feet per second, or about 1,000 cubic feet per second 
more than the requisite full supply at head of canal, will be passing 
down the river ; and as more water will probably be needed -during these 
dry seasons in order to replenish jheels and tanks, the capacity of the 
canal has been made sufficiently large to allow of this extra quantity 
being admitted. 

48. The amount of water, 2,945 cubic feet, required at Delaha, has 
been fixed on the assumption that there will always be a minimum 
supply of 3,000 cubic feet per second there (vide para. 51). Experiments, 
however, have been made in order to ascertain the probable amount of 
water lost between Bunbassa and Delaha ; but until the weir is actually 
built at the former place, the results attained can only be looked upon as 
merely speculative conjectures as to what may occur when the entire 
amoimt of water in the river is turned off iuto the canal at Bunbassa. 

49. Between Burm Deo and Bunbassa, where the slope in the i-oss between Burm Deo, 
river is excessive (vide sections on page 5), there is an average loss of 

about 1,000 cubic feet per second. 

From 3rd to 8th February, and again from 11th to 26th March 
1866, the actual discharge passing Burm Deo, was 6,865 cubic feet per 
second; whilst at Bimbassa only 5,953 cubic feet passed down, thus 
showing a loss of 912 cubic feet per second, or, 13*3 per cent, of the dis- 
charge at Burm Deo. From 8th to 10th March 1868, the discharge at 
Burm Deo was 6,686 cubic feet. Whilst at Bunbassa, it was 5,572, or 
1,114 cubic feet per second less, showing a loss of 16'6 per cent, of the 
amount at Burm Deo. 

From 15ih February to 16th March 1869, when the river was extra- 
ordinarily low and the levels of springs in the Bangar lands four to five 
feet lower than in ordinary seasons, the loss was 237 per cent, between 
Burm Deo and Bunbassa ; the discharge at the former place being 4,747 
cubic feet, and at the latter 3,619 cubic feet, or a loss of 1,128 cubic feet 
per second. 



50. From the discharges taken this year, b^ween Bunbassa and 
Chuknathpore, (20 nules below Delaha), it appears that the volume in 
the river steadily decreases until it arrives about 20 miles below where 
the shingly bed ceases and the sand commences. At this point there is a 
slight increment which goes on increasing for about 40 nules, when the 
discharge is again diminished. 

For instance, when the discharge at Bunbassa was 6,022 cubic feet 
per second ; at Moondeea Ghdt, 13 miles lower down, where the shingly 
bed ceases, the discharge was 5,448 cubic feet ; at Chunpoora Ghdt, 9 miles 



Loss between Bunbassa & 
Delaha. 



MiDimum supply at De- 
laha. 



Distribution of supply at 
Mina Kote. 
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lower, the supply was *5,162 cubic feet ; and again, 7 miles lower, at Bylah, 
it was ^5,124 cubic feet, or practically the same. 

Below this point, however, there was an increase ; for, at Mooteea Ghit, 
6 miles below Bylah, the discharge was 5,502 cubic feet, of which only 
40 cubic feet were due to affluents. At Narowsa Ghit, 8 miles lower, the 
discharge was 5,651 cubic feet ; at Marowcha Ghdt, 10 miles below Narow- 
sa, the supply was 6,220 cubic feet ; and at Pulwari Ghd,t, 5 miles below 
Marowcha, it had increased to 6,890 cubic feet ; at Sirsee Ghdt, 14 miles 
lower, and close to Delaha, the amount in the river had decreased again 
to 6,718 cubic feet. Two other discharges were also measured, at 10 and 
30 miles below the above ghdt, viz., at Burragaon, and Chuknathpore, 
giving amounts of 5,581 and 5,592 cubic feet per second respectively; 
but when these were measured, the supply in the river at Bunbassa was 
200 cubic feet per second, less than when the above discharges were taken. 
Deducting this quantity, there still remains a loss of 1,000 cubic feet per 
second to account for in the distance of 30 miles between Sirsee Ghdt 
and Chuknathpore ; but looking at Map No. 3 it will be seen that below 
Sirsee Ghdt the numerous nullahs on either side of the river drain away from 
it, instead of emptying themselves into it, as they do above the ghat ; there 
are also many old and deserted beds of the river in close proximity to and 
below the level of the present stream ; each of which, as well as the above 
nullahs are undoubtedly fed by percolation from the river, for although dry 
at their heads, they quickly become running channels, with a considerable 
amount of water passing down. 

51. Although it would be premature to come to any positive con- 
clusion, based simply on the measurements of one year, as to the probable 
quantity of water that will be available at Delaha, yet the above dis- 
charges showing as they do, that when the river is at its lowest there are 
800 cubic feet per second more at the site of the proposed head of the 
supplementary channel than at Bunbassa, 75 miles higher up, together 
with the facts tbrought forward in the arguments used in discussing this 
question in the General Report, tend to prove that 3,000 cubic feet per 
second may at least be depended upon at Delaha. 

(7, — Velocities and Disti^ution of Water in Channels. 

52. Assuming, then, that the required amounts at Nuglah, and De- 
laha are fixed at a proper standard, the distribution to the main branches 
at Mina Kote (the head of Irrigation) is made as follows, viz., to 

Shahjehanpore Branch, 351 cubic feet. 

Benares * „ 4,894 „ 

Fyzabad „ 1,349 



Total at Mina Kote, 6,594 



79 



}f 



• • The discharge at Bunbassa was howeyer only 5,875 cubic feet per second, on the date when these 
measurements where taken. 

+ Vide Para. 11, Secretary to Cliief Commissioner, Oudh, Public Works Letter, No. 2750, dated 8th 
March 1869, Superintendent, Irrigation Works, Oudh, Letter No. 609, dated 27th March 1869, and Chief 
Engineer's Note on it. 

Note by the Officiating Inspector General, Irrigation Works, on Sardah Canal Project, dated 9th June 
1869. Para. 6, GoYemment of IncUa, Public Works, Letter No. 2699, dated 14th August 1869. 
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or 300 cubic feet per second less than the amount entering the cftilal at 
Nuglah, being the estimated loss {vide para. 56) between the above places ; 
and with reference to para. 6 of Government of India, Public Works 
letter No. 2691, dated 14th August 1869, it may here be remarked that 
the data used in the General Report were based on the returns of the 
Ganges Canal, where the net volume at Roorkee, the head of irrigation, 
is compared with the irrigated area, and not the gross volume entering 
the head of canal at Hurdwar, between which place and Roorkee there 
is a loss of about 9 per cent. In accordance with the views expressed in 
above letter, no loss on account of evaporation and absorption has been 
allowed below Mina Kote ; nor has it been deemed necessary to do so in 
the supplementary channel from Delaha to the head of its irrigating 
branch at Uncha Khera, as the water will be carried through compara- 
* tively stiff soil — ^totally different to the land between Nuglah and Mina 
Kote. 



53. Turning now to the sections of the canal channel, we find that 
in order to admit the full amount of 6,935 cubic feet per second with a velo- 
city not eocceeding 2 feet per second and with side slopes of 1^ to 1 and 
12 feet depth of water, the slope must be 1 in 23,000, which gradient will 
also run the water out to the surface of country at Mina Kote. 



Velocity in upper section 
of canal between if uglah and 
BCinaEote. 



54. In the General Report the calculations for this portion of the 
canal were based on the supposition that it would pass through soil which 
would stand a velocity of 275 feet per second ; but since that report was 
forwarded, trial weUs have been dug in order to ascertain the nature of 
the sub-stratum, which was found to be of the lightest and most sandy 
nature, worse even than the Toghulpore sand hills through which the Gan- 
ges Canal runs, and where it was observed that the bed used invariably 
to be eroded when the mean velocity was 2*5 feet per second. From ex- 
periments made on the Eastern Jumna Canal, by Major Brownlow, it ap- 
pears that with soil of the description we have to deal with, the action of 
the stream was perfectly adjusted, when the mean velocity varied between 
1*85 and 1*93 feet per second (;mde Appendix D. of Colonel Crofton's re- 
port on the Ganges Canal). The velocity, in this section of the canal has 
therefore been based on the above fact, for with the slope of 1 in 23,000 
and the following depths of water, the velocities will be as stated below : — 



Reasons for keeping Telo- 
city at less than 2 feet per 
second between Mnglah and 
Mina Kote. 



Depth of water. 


Eyd. tataax depth. 


Mean Telocity. 


Diacbarge cnbio feet 
per second. 


12 


11-047 


< 

1-972 


6,935 


11 


10041 


1-894 


6,074 


10 


9-323 


1-812 


6,255 


9 


8-445 


1724 


4,478 


8 


7-356 


1-631 


3,745 



Lowest yelocitj sufficient 
to prevent the growth of 
weeds in channel. 



Assumed loss by absorp- 
tion, &o. between l^uglah 
and Mina Xote. 



Yarying widths of oanal 
bed between Nuglah and 
MinaKote. 



^ Width of canal bed, relo* 
dtaes, &c.| below Mina Kote. 
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should it be necessary, however, in extraordinary years to augment thel 
supply of water in canal, the depth may be increased to 13 feet, when the 
discharge will be 7,835 cubic feet per second with a velocity of 2*05 per 
second. 

55. In the driest seasons, a supply of 3,745 may always be depend- 
ed upon (vide para. 45), and the velocity of 1'631, due to it, is more than 
sufficient to prevent the growth of plants, &c., in the canal ; for, from ex- 
periments on the Ganges Canal, it appears that in sandy soils weeds grow 
only in velocities under, or about 1 '40 feet per second, although in one 
case, where there was clay, they grew in a velocity of 1*717. 

56. Now, on the Ganges Canal, in the first fifteen miles of its course, 
there is a loss of 9 per cent, by absorption, and evaporation {vide para. 14, 
page 14, Revenue Returns of Canals, North- Western Provinces for 1865- 
66). Assuming the same loss on the Sardah Canal, we should have a sup- 
ply of only 6,310 cubic feet per second at Mina Kote, and if the width of 
canal bed was kept the same, 275 feet, as at Nuglah, the depth of water 
would be only 11 feet, whilst at Nuglah it would be 12, i. e., the surface 
slope would be increased, and the velocity would exceed 2 feet, the limit 
of safety. With a bottom width of 249 feet, however, at Mina Kote, the 
depth of water will remain 12 feet and the mean velocity will be 1*965, 
or practically the same as that at the head, viz. 1*972. 

However, as the bed of the Sardah Canal will in this portion of itiS 
course pass for a short distance below the ordinary level of springs, the 
whole of the above loss has not actually been taken, but only one-half, or 
300 feet (vide para. 51), which, with a width of bed of 249 feet, will give 
a depth of 12*3 feet, a mean velocity of 1*98 and a discharge of 6,538 cubic 
feet, or within 60 cubic feet of the required amount at Mina Kote. 

57. Another advantage in gradually reducing the width of canal, 
between Nuglah and Mina Kote, will be the great saving of cost in the 
deep digging. The widths have therefore been calcmated as follows :— • 



From Head 
19,600 
24,000 
28,000 
32,000 
36,000 
40,000 
44,000 
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60,000 
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267 
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» 
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» 
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The diagram on page 13, together with the details shown on 
sheets of the various branches, and Appendix (C) give the fiiUest 
particulars regarding the widths of channels, bottom, and mean velocities 



58. 
section 
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and discharges of the several canals below Mina Kote. It is therefore only 
needful here to glance at the more salient points connected with the 
regimen of the bed in the different branches. 

59. It will be observed that the Shajehanpore branch, with its dis- 
charge of 351 cubic feet, has an allowance of 60 cubic feet per second for the 
irrigation of the coimtry above the aqueduct over the old irrigation cut 
from the Mala Nuddee, and that the mean velocity of the stream has 
been kept at 1*97, the same as in the main canal. West of the Mala 
Nuddee, the soil is more clayey than on the east, and the velocity is 
consequently increased to 2*26 and 2 '27, which, however, is again decreased 
to 1*90 and 1*84, as we approach the sandy tracts near Negohee, and 
finally to 1*62 per second at the tail of the branch, which is calculated 
to discharge 36 cubic feet per second, an amount which probably will be 
required for the town of Shahjehanpore. 

60. The Benares branch, which is navigable in its entire length, 
starting with a calculated discharge of 4,894 cubic feet and a mean velocity of 
1*94, is gradually increased to 2 and 2*04 per second, for a distance of 
30 miles below Mina Kote, where the soil is of a better description, and 
again to 2*20 down to Sissoree, below which point we get into clayey 
ground capable of bearing 2 '50 feet per second. As we go further down the 
Doab, however, this clay gradually merges into loam and pure sand, and 
the velocity is accordingly correspondingly reduced from 2*38 (18 miles 
below Sissoree) to 1*99 cubic feet at Benares, where the discharge is 281 
cubic feet per second. 

61. Should a greater supply ever be required in the Benares branch; 
by increasing the depth at its head about one foot, the velocity will still 
be below 2 feet per second at Mina Kote, and the discharge will be in- 
creased by 900 cubic feet per second ; below Mina Kote to Sissoree, the 
velocity will nowhere be more than 2'34, and at Sissoree 2*65, which the 
soil is easily capable of standing. 

62. The Lucknow and Jaunpore branch (also navigable), com- 
mencing at Sissoree, with a discharge of 1,823 cubic feet per second and a 
mean velocity of 2*36 cubic feet passes through ground of much the same 
character as that traversed by the Benares branch, and the velocity is 
accordingly gradually reduced from 2*36 at its head to 1'98 at its tail, at 
Jaimpore, where there is a calculated discharge of 358 cubic feet per second. 

This branch also, as well as the Benares, can have its supply en- 
larged, by increasing the depth of water in the channel, without fear of 
unduly accelerating the velocity. 

63. Reverting now to the Fyzabad branch from Mina Kote, the 
discharge of which is 1,349 cubic feet, as shown on diagram (of which 284 
cubic feet per second is passed on to the other branches at Uncha Khera), 
it will be observed that the calculations for the channel have been worked 
out on the supposition that it is to be made capable of carrying down 
1,765 cubic feet, or sufl&cientfor the supply of the Lucknow branch, {vide 
para 41 of General Report) until the supplementary channel is completed. 



Shahjehanpore branch, re- 
locities, &c. 
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Commencing with a mean velocity of 1'98 at Mina Kote, this is 
increased to 2*24 about 7 miles further on, and to 2*28 cubic feet per second 
at its tail at Uncha Khera, where there will be a calculated discharge of 
1,016 cubic feet per second until the supplementary chaimel is made ; after 
which, the discharge at Mina Kote will be 1,394, and at Uncha Khera 
284 cubic feet, so as to keep up navigation with the lower branches. This 
discharge will give velocities of 1'85 at head, 2*05 at 7 miles below, and 
1*54 at tail. 

64. The supplementary channel from Delaha, which passes through 
stiff soil and a puddled embankment, has been allowed a velocity of 
2*50 cubic feet per second. The discharge of it is supposed to be 2,945 
cubic feet at Uncha Khera, which, with the 284 cubic feet from the tail of 
the upper portion of the Fyzabad branch (para. 62), gives a total at Uncha 
Khera of 3,229 cubic feet per second, or sufficient for the requirements of 
the Lucknow and lower portions of the Fyzabad branch. 

65. The Lucknow branch has a discharge of 616 cubic feet per 
second and a mean velocity at head of 2*07 feet, which is reduced to 
1*90 feet at Lucknow, where the discharge is 281 cubic feet. This 
branch, as well as the supplementary channel, is navigable. 

66. The second section of the Fyzabad branch has a discharge at its 
head of 2,639 cubic feet per second and a mean velocity of 2*30 ; in the 
channel passing through the clayey lands near the Kulleanee Nuddee, the 
mean velocity is increased to 2*50, which is retained as far as the Durri- 
abad bifurcation. 

67. The third section of the Fyzabad branch, from Durriabad to the 
Fyzabad bifurcation, commences with a discharge of 1,079 cubic feet 
and a mean velocity of 2*42 feet, which is reduced to 2*05 feet at Fyzabad 
bifiircation, below which there is a navigable line about 4 miles long, 
to connect the canal with the river Gogra, near the city of Fyzabad. 

68. At the Durriabad bifurcation, the Durriabad and Jaunpore 
branch, a navigable line takes out. The discharge at head is 1,236 cubic 
feet with a mean velocity of 2*35, which is gradually reduced to 2*02 feet 
until it comes within a few miles of the river Goomtee, where the soil is 
stiff and capable of bearing a velocity of 2*50 feet, the discharge at tail 
of canal being 203 cubic feet per second 

Veiocitiee in Azimgurh 69. The Azimgurh branch, which is simply an irrigating line, starts 

"*" ' from the Fyzabad bifurcation with a discharge of 706 cubic feet and a 

mean velocity of 2 09, runs out at Azimgurh with a discharge of 80 cubic 

feet and a mean velocity of 1*84. 
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D. — Alignment of Canal. 

70. The reasons for fixing the head of the Canal at Nuglah, and 
selecting Bunbassa as the site of weir across the river Sardah were fully 
explained in the General Report (paragraphs 10 to 21) ; and the arrange- 
ments regarding the position of the head works having been fully ap- 
proved of by Government of India (paragraph 32 Public Works letter 
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No. 3631, dated 9th October 1869), it is needless to recapitulate here the 
grounds on which the above results were arrived at. 

71. Hitherto, the cold weather supply at Bunbassa has only been 
referred to ; but in order to get data on which to base conclusions for 
detenmning the length of the weir, &c., it is necessary to ascertain the 
highest flood discharges, and with this view accurate measurements were 
taken, not only at Bunbassa but also at Burm Deo, of the extreme Umits 
to which floods had risen, and of the surface slope, as near as could be 
ascertained of the water in flood. 

Referring to sketch on opposite page, it will be seen that in the 
highest known flood, which occured at Burm Deo, 

The area of the flood discharge =9,822 superficial feet. 

Wetted perimeter = 770 feet, 

.'. Hydraulic mean depth R. =1275. 

and S, the slope of surface being 1 in 2,000, 

V=93^?=7.44, and D = 73,076 cubic feet. 

At Bunbassa, where the river is in two streams, (paragraph 10 
General Report), 



The area of flood discharge in the west or main branch 

Wetted perimeter 

Hydraultic mean depth. 

S = l in 3,000-V=6-60 andD = 63,842 cubic feet. 

The area in east branch 

Wetted perimeter 

Hydraulic mean depth 

S = X in 3,000-V=5-02 and D = 9-792 cubic feet. 
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. •. Total flood discharge at Bimbassa = 73, 634, a result which, by a hap- 
py coincidence tallies almost exactly with the flood discharge at Burm Deo. 

A few small mountain streams, however, fall into the river, between 
Burm Deo and Bunbassa, and allowing that these are in flood at the same 
time as the river, the discharge at Bunbassa ought to exceed that at 
Burm Deo. The loss by percolation between these places (paragraph 49) 
might possibly be taken into account as a reason why the. Bimbassa dis- 
charge should not be materially greater than at Burm Deo; but, all things 
considered, it seems safer to admit th^.t the above theoretical discharge 
of 73,634 cubic feet is below the actual result, and when computing the 
dimensions, &c., of the weir, the flood discharge has therefore been taken 
at 33 per cent, more, or 98,178 cubic feet per second. 

72. Turning now to drawings No. 3, 4, 5, 6, which show position and 
details of the head works at Bimbassa, it will be seen that the general 
design is to put a solid weir across the east branch of the river, so as to 
turn the whole cold weather supply down the main or west branch, across 
which is the regulating dam, with the regulating bridge immediately at 
right-angles to it. Protecting embankments, pitched with boulders, connect 
the two weirs, and are carried down stream of them for some distance on 
either banks, and a second embankment is carried from the hiah land of 
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the Bangur, in a line with the regulating bridge, to the head of the island 
of Chandni Chok, so as to prevent the flood waters of the river from 
spilling into the supply channel. 

73. The weir across the east branch of the Sardah will be built at 
the head of the small island that divides the river near Bunbassa. 

The level of the crest is just sufficient to force the whole of the water 
(from January ,to May) round the head of the island into the main 
branch, but not so high as to interfere with the discharge of the river, 
during floods. 

The length of the weir is 500 feet, which is somewhat more than the 
width of the river at this point during ordinary floods. The abutments 
and adjoining embankments are carried up to a level five feet above the 
highest known flood, and are pitched on the river face to within three feet 
of the top. 

The total superficial amount of waterway in flood over the weir will 
be 2,500 feet, which, with a velocity of 7*62 feet, will give a discharge of 
19,050 cubic feet per second. 

The foundation of weir consists of a wall of boulder masonry, 12 
feet broad and 10 feet in depth (8 feet below bed of river), carried com- 
pletely across the stream. On this wall is built the weir, which consists 
of a battered wall, 6 feet high, of boulder masonry faced with blocks of 
squared stone 1 8 inches thick. Parallel to the up-stream foundation wall and 
30 feet from it on the down-stream side, a curtain wall 5 feet thick, is built, 
the foundations being at the same level as those of the up-stream wall. 
The space between the up and down-stream walls will be packed with 
boulders and clay on which an inclined flooring will be laid extending from 
the crest of the weir to the down-stream curtain wall. This flooring con- 
sists of boulder masonry, 2 feet thick, with a facing of 18 inch squared stone. 
The inclination of this flooring is about 1 in 9. On the down-stream side, 
a packed boulder apron, 30 feet wide and 3 feet thick, has been estimated 
for. The whole of the bed of the river being composed of boulders, it 
was not thought necessary to extend this apron further. 

The abutments of the weir consist of rubble masonry, with hammer 
dressed quoins ; the foundationa being at the same level as the body of 
the works. 

74. The regulating dam across the main branch of the river is 
1,050 feet in length, of which 685 feet consist of a soUd weir, and the re- 
maining 365 feet of an open dam, with falling gates, so as to admit of a 
scour immediately in front of the regulating bridge. The clear waterway 
during floods will be 12,036 superficial feet, which with a velocity of 6 '60 
gives a discharge of 79,438 cubic feet per second. The discharge over 
weir across east branch being 19,050 cubic feet the total discharge over 
both weirs will be 98,488 cubic feet per second (vide para. 71.) 

The solid portion of the dam is precisely the same as that already 
described for the east branch. The remainder will be constructed as 
follows ; — The up and down stream curtain walls of the solid weir will be 
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continued under the open portion of the dam. Between these walls, and 
at a distance of 12^ feet from the up-stream one, a third wall 2 feet 6 
inches thick will be built extending from the end of the sohd part of the 
dam to the west abutment. Cross walls, 4 feet thick and 19 feet apart, 
will be built in the space included between the two up-stream walls, and 
brick arches, 2 feet thick, will be thrown from cross wall to cross wall, so 
as to form a rigid flooring, for the dam openings. Upon this flooring the 
piers will be built ; these are 31 in number, 11 feet 6 inches apart from 
centre to centre, and 8 feet high. Between them there will be a hori- 
zontal flooring of squared stone which will be continued to the down- 
stream curtain wall. The 32 openings between piers will be fitted with 
drop gates 6 feet high, and 8 feet wide, worked in the same way as those 
now in use on other canals. This open dain wiU discharge upwards of 
7,000 cubic feet per second with 6 feet of water in the river, or more than 
the cold weather supply. 

75. The regulating bridge at head of supply channel will be built 
immediately adjoining the west end of the regulating dam and at right 
angles to it. It consists of a double series of arches, 6 feet span, carrying a 
roadway 20 feet wide, and a tramway for the traversing windlass which 
will raise or lower the regulating sluice gates. At the north end, an arch 
of 22 feet span will be thrown over the lock chamber which it is proposed 
to build in connection with the bridge. 

The foundations of the work will consist of two curtain walls of boul- 
der masonry, 4 feet thick and 28 feet apart, with a third wall, 3 feet thick 
between the two; all three walls being carried down 10 feet below the 
flooring of the bridge. 

Cross walls 4 feet thick and 8 feet 3 inches from centre to centre, will 
be built between the curtain walls, and on these will be placed the piers. 
The foundations of abutments and lock chamber walls will be of boulder 
masonry carried down to a depth of 10 feet below flooring. 

The number of openings in the bridge will be 41, of which the one 
over the lock chamber will have a span of 22 feet (closed with gates) and 
the remainder, spans of 6 feet each, fitted with regulating sluices. 

The piers of the roadway bridge will be prolonged up-stream 8 feet 
beyond the face. On these prolongations, the arching for the traversing 
windlass wiQ be built, having a clear space from the face wall of one foot, 
in which the regulating gates will work, sliding in vertical cast-iron grooves 
let into the piers. 

The sluices for each opening will be in two pieces, each 6 feet high, so 
as to close the lower portion of each of the openings, for a height of 12 
feet ; above this the arch openings will be closed by walls 4 feet thick. 

The waterway of the regulating bridge, when the river is at its lowest 
level, (6 feet above flooring of bridge), will be 1,572 superficial feet, and 
the waterway of supply channel below the bridge will be 1,554 feet. 

76. For a distance of 1,000 feet, the supply channel is straight, but 
then turns round with a curve of half a mile radius (vide plan No. 2) in 
order to fall in with the old channel of river. With the excention of this 
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curve, and another on the Lucknow and Jaunpore branch, of IJ miles 
radius, necessitated by having to skirt the Cantonment of Lucknow, there 
are no curves on the canal of less than 3 ntiiles radius. It will be seen 
that the half mile curve at head of supply channel is unavoidable, but 
there is not likely to be any cutting in it, as both the sides and bed of the 
channel are comprised of boulder, and the maximum velocity will not ex- 
ceed 5*09. 

77. At 8,500 feet below the regulating bridge, it is proposed to 
construct a 10 feet rapid, so as to bring the bed of the supply chamiel 
down to the same level as the old bed of the dry branch of the river 
which goes to Nuglah. 

The slope given to the supply channel between the regulating bridge 
and crest of rapid is 1 in 1,800, which, with the following depths of water, 
will give velocities and discharges as below : — 



Depth of water, 

6 
5 
4 
3 



Mean velocity, 

5-09 
4-66 
4-18 
3-64 



Diacharge cvhic feet per 
second. 



7,816 
5,942 
4,250 
2,759 



78. The design for the rapid is based on those constructed on the 
Baree Doab Canal. It consists of an incKned bed of boulders 5 feet thick, 
kept in place by longitudinal and cross walls of rubble masonry, with side 
walls carried up to about 9 feet above the bottom of the channel. The 
rapid will be 312 feet between side walls, 200 feet long, with a total fall of 
10 feet, or 1 in 20. Below the slope, the boulder pitching will be con- 
tinued for a distance of 80 feet, and the side walls be splayed out to 342 feet. 

79. Below the rapid, there are two methods by which the water 
can be conveyed down to Nuglah, first along present channel of old branch, 
shown in red line on plan No. 2, and second by excavating a new channel 
direct down to Nuglah, as shown by the blue line on plan. 

By the first scheme, no masonry works have to be built, but the slope 
of the bed in the river is heavy — ^more than 8 feet per mile — ^this, however, 
is the same as the slope of supply channel on the Ganges Canal. 

By the second scheme, the channel is led down to Nuglah in a direct 
line, and the excessive slope of bed is overcome by building four rapids. 

Taking into consideration the known fact of loss by percolation in the 
river between Bunbassa and Moondeea Ghdt (6 miles below Nuglah), it 
might perhaps be thought that some allowance should be made for a simi- 
lar loss on the supply channel, but the conditions are somewhat different ; 
the water in the river spreads in very many small streams over a great 
width of surface, whereas in the supply channel it is confined and kept 
in one narrow duct> the bed of which is helow the level of the river. 

Should the second scheme, proposed above for the supply channel, 
ever be carried out, there is little doubt but that jmore water will be 
found at Nuglah than at Bunbaesa ; for it will be observed on the section 
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that the bed is kept well below the surface of the boulder stratum, it will 
therefore act, to a considerable extent, as a drain for leakage water from 
the river, as well as a conduit for leading the Bunbassa supply to Nuglah. 

The sections along each of these lines are shown on sheets Nos. 3 and 
4, but as the estimate of the second scheme is upwards of five lakhs in ex- 
cess of the first, the former has been adopted. 

80. Between Bimbassa and Nuglah the Jughoora Nuddee falls into 
the supply channel. Plan No. 2 shows the arrangements which are in- 
tended to be made in order to prevent this torrent entering the channel. 
By a cut and bunds, the stream will be diverted into a large swamp 
which extends down close to Nuglah. After depositing the greater part of 
its silt in this swamp, the stream will be diverted by a cut into an old 
branch of the river (not the supply channel), and is thus led down direct 
to the open dam at Nuglah. 

81. At the end of the supply channel at Nuglah, or Kunja Bojh, 
the head works of the main canal are situated. At this spot, a regulating 
dam will be built across the river and immediately adjoining, and at right 
angles to it a regulating bridge and lock. The sudden change from the 
great slope in the supply channel to the very small inclination in the 
canal, will, of course, cause a considerable deposit of silt, but it will be 
observed, on reference to the plan and section, that for a distance of half a 
mile above the regulating bridge, and for a width of 800 feet, the water 
will be ponded up into a large reservoir, which will act as a silt trap, and 
by simply opening the gates of the regulating dam, the silt can be 
scoured out into the river below. 

The Sunnea Nuddee, which at present runs at an awkward angle into 
the river about 600 feet above the proposed site of the regulating bridge, 
will be diverted into the new channel shown on plan, so as to sweep along 
in front of the regulating bridge. Across this diversion, a road bridge of 
three arches of 22 feet span, will be placed. The full supply depth of 
water being 12 feet, the waterway of the bridge=792 superficial feet, which 
is ample to carry off the highest flood discharge of the Sunnea Nuddee, 
which is 3,260 cubic feet per second. 

82. The regulating dam will be built across the old bed of the Regulating dam at Kug- 
Sardah at Nuglah, about 230 feet to the down-stream side of, and parallel 
to, the centre line of the main canal. 

It will consist of a dam 1,352 feet long, provided with 112 openings 
of 8 feet wide. Of these, 32 at the end of the dam next the regulating 
bridge and 12 at the opposite end will have a flooring at the same level as 
that of the regulating bridge. The floorings of the remaining 68 will be 
2 feet higher. The whole of the openings will be fitted with drop gates, 
as at Bunbassa. 

When all the gates are open with 12 feet depth of water, the clear 
waterway will be 9,664 superficial feet, which, with a calculated velocity 
of 4-80 feet, will give a discharge of 46,387 cubic feet per second. 
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The discharge of the Jughoora Nuddee, allowing for a rain-fall of 12 
inches over its catchment basin of 36 miles, is 11,629 cubic feet per second.; 

The area of flood section is 2,020 square feet, and the velocity due to 
the surface slope is 7*09 feet, giving a discharge of 14,320 cubic feet per 
second, or about 2,700 more than the discharge deduced from the catch- 
ment basin. The larger discharge of 14,320 cubic feet has therefore been 
accepted. 

The discharge of the Sunnea Nuddee being 3,260 cubic feet, and of 
the supply channel 7, 8 1 8 cubic feet per second, the total discharge through 
the dam need be only 25,398 cubic feet instead of 46,387 cubic feet as 
above, but the extra amount is allowed for, as a precautionary measure, in 
case any of the protective bunds at Bunbassa should be breached in high 
floods, and an extra amount of water from the left branch of the river 
enter the supply channel. 

The foundations of the dam will be constructed in a similar manner 
to those of the open portion of the weir at Bunbassa. The whole of the 
curtain walls, cross walls, and abutment foundations, will be carried down 
to a level of 10 feet below the flooring of the regulating bridge. Every 
fourth pier will be 6 feet broad, and 33 feet in length, the intermediate ones 
being 3' 6" broad and 21^ feet long. It is proposed to carry up these larger 
piers to a height of 25 feet in order to carry a bridge, which is essentially 
required here, so that in all seasons it may be possible to pass over to the 
left bank of the supply channel to inspect the protective works on the 
river, without being obliged to go up to Bunbassa. 

This bridge will consist of trellis girders of bar, T, and angle iron, 
carrying a planked roadway by means of timber cross beams attached to 
the bottom flanges. 

The spans will be 43 feet 6 inches and the width of roadway 20 feet. 

83. The regulating bridge at Nuglah will be constructed in precisely 
the same way as that at Bunbassa. There will be 45 openings of 6 feet 
span, and one of 22 feet for the lock chamber. 

The total waterway for a full supply depth of 12 feet, will be 3,504 
superficial feet, the waterway in the canal below being 3,516. 

From the west end of the regulating bridge to the bridge across the 
Sunnea Nuddee division, there will be built a strong retaining wall backed 
by a wide earthen embankment, carrying a tow path 15 feet wide, and 
a 20 feet roadway ; a similar wall will be built at the down-stream side 
for a distance of 300 feet. 

84. At 19,600 feet from Nuglah, the canal is carried over the river 
Chowka by an aqueduct of 3 spans of 27 feet each (drawing No. 12) with 
piers 6 feet and abutments 12 feet thick, strengthened at every 15 feet, 
by counter forts 8 feet square. 

The flooring over the aqueduct as well as on the embankment on 
either side of it consists of one foot of puddle, kept in place by a layer of 
shingle. The foundations are on wells 20 feet deep, filled in with con- 
crete. 
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The highest flood discharge of the river Chowka is 1,161 cubic feet 
per second, and the superficial amount of waterway allowed for it is 324 
square feet, which will give a velocity of less than 4 feet per second. The 
flooring of the river bed, is built 3 feet lower in the centre arch, than in 
the two side arches. This is done in order that a clear road for traffic may 
be left on either side of the Chowka ; for, except in floods, the water in the 
river wiU pass through the centre arch only. By doing this we avoid the 
necessity of building an expensive bridge over the canal embankment, 
which otherwise would be required for the road from Khuteywar to Moon- 
deea Ghd.t. 

85. Between Nuglah and Mina Kote there is only one bridge, viz., 
where the road from Pillebheet to Moondea Ghd,t crosses the canal. The 
length of waterway required is 278 feet, exclusive of 8 feet on each side 
for towing paths. The headway given to the bridge is 12 feet above ftdl 
supply, and to the tow paths 6^ feet. 

Seven elliptical arches of 42 feet span have been allowed for this 
bridge, with a roadway 20 feet broad. The soil where the bridge will 
have to be built is extremely bad, and the estimates are accordingly made 
out for well foundations sunk to a depth of 20 feet below bed. 

86. Drawings Nos. 14 to 18 show in full the details of the works 
at the Mina Kote trifurcation. The regulating bridges at heads of branches 
are essentially the same as that at Nuglah. With the exception of the 
Shahjehanpore branch regulating bridge, all of them are provided with 
locks for the passage of boats, when there is difference of level of water 
surface up and down-stream of the regulator. 

87. The map of the Gogra-Gangetic Doab, together with the plans 
on the scale of one mile to an inch, attached to the section sheets, will 
show better than any verbal description the course of the main lines of canal 
below Mina Kote. By the aid of the magnificent maps recently executed 
by the Revenue Survey Department in Oudh, under Major Anderson, 
we have been enabled to trace out without possibiUty of error the true 
position of the watershed in the province. For the upper portion of the 
canal, in the district of Bareilly and Shahjehanpore, of which there were 
no good maps, elaborate surveys and accurate levels have been taken by 
Messrs. Heaford, Henslowe, Froude and Bull, as shown in map No. 4. 

It will be observed that, with the exception of one very small nullah 
near the head of the Fyzabad branch, not a single drainage in the whole 
length of the country from Mina Kote to Benares is crossed, and only 
three small jhfls ; there need not be any apprehension, therefore, of the 
supphes of tanks, &c., being interfered with. 

88. The standard plang for the 95 falls on the canal are shown in 
drawings Nos. 33 to 36 ; those on the Azimgurh and Shahjehanpore 
branch, which are irrigating channels, with small discharges, are designed 
with contracted openings, those on the main canal have the fiill width, 
and are based on the pattern of the Baree Doab Canal falls. Every fall 
has been provided with a masonry bridge 20 feet in width, to accommo- 
date the traffic and facilitate the working of the falls in the event of re- 
pairs being required. The cisterns extend in length from the foot of the 
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crest wall to the curtain wall under the bridge ; the floorings of them 
consist of 2 feet of brickwork over 3 feet of concrete. The tail walls 
which splay out from the bridge on either side, extend to a distance of 50 
to 96 feet according to the discharge, &c., over the fall. The basin be- 
tween the curtains and tail walls will be packed with boulders or kunkur, 
to a depth of 3 feet. The foundations, except wing walls of bridges will 
be on wells simk to a depth of 20 fefet. 

89. There are 291 bridges, and the standard plans for them are 
shown in drawing No. 39. They are of two classes ; 1st and 2nd, ac- 
cording as the roadway is of 20 or 12 feet in width. They consist of 
elliptical arches of varying spans, according to width of canal, the clear 
headway for boats being 12 feet above fiiU supply level. All bridges are pro- 
vided with tow paths 8 feet broad and 6^ feet headway under the arches 
on either side. As all the falls are provided with bridges, the total num- 
ber of passages of communications over the canal is 386, which for the 
length of 1,206 miles, gives on an average about one bridge in every three 
miles of the canal. 

90. Drawings Nos. 28 to 32, show the proposed scheme of arrange- 
ments for the branch heads at Sissoree, Uncha Khera, Durriabad, and 
Fyzabad. They are all on the same general plan, and designed on the 
same principles as the one at Mina Kote. By widening out the. canal and 
keeping the bed at a level for a mile above the branch heads, the channel 
will act as a silt trap, in which silt will be deposited, and by periodically 
opening the powerfiil escape heads, which are placed above the regulating 
heads, the whole of the silt will be scoured out into the escape nullah. 

91. In addition to the escape at branch heads, escapes have also 
been estimated for at intervals of 50 miles down the canal. For the Mina 
Kote escape, 4 tail falls of 10 feet each have been allowed, and on other 
escapes one fall of 10 feet, to lower the bed of the escape into the dis- 
charging river or nuUah. 

92. The designs for locks and lock channels are shown in drawing 
No. 38, they are the same as those on the Ganges Canal, with the excep- 
tion that their dimensions are increased to 150 feet in length, and 22 feet 
in width. The chance of boats bemg dragged over the falls is so great, 
that it has been thought preferable to keep the loots detached from the 
main canal, and to place them on separate lock channels. Gratings, how- 
ever, have been allowed for all falls, and the risk of boats going over is 
thus reduced to a minimum, but with a fluctuating supply as there will be 
in the Sardah Canal, it is more than probable that sleepers, instead of gra- 
tings will have to be used in order to maintain regulation, and it is on 
this supposition and also that the possible maximum expenditure may in- 
variably be shown, that the estimates have been made out for separate 
lock channels. 

93. Another reason too, is that probably arrangements for naviga- 
tion will not at first be needed on all the canals ( vide para. Ill,) and 
it will, therefore, be unnecessary to build the locks at the same time as the 
other works are built. By placing the locks on separate channels, they 
can be built at any time subsequent to the opening of canal : but by at- 
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taching them to the falls m the main stream, {vide Drawing No. 37,) 
they must be erected at the same time as the rest of the works, and it 
seems scarcely worth while sinking the large capital required for their 
construction, until the demand for navigation is such as to justify spend- 
ing the amount required for it. 

On turning to the abstract of the general estimate, it will be seen 
that the cost of the falls ( after deducting the rapid and falls on the Shah- 
jehanpore and Azimgurh branches, which are not navigable,) is 
Ks 64,22,669 ; and the expenditure on account of locks is Rs. 42,49,682, 
which amount however, need not be spent for many years. By attaching 
the locks to the falls, their cost will be Ks 101,07,963; but is it worthwhile 
expending this diiference of Rs 36,85,294? (Ss 101,07,963, — 64,22,669,) 
at the first commencement of the works, when there will be little or no 
return from navigation ; and diminishing the profits derivable from irriga- 
tion dues, which for many years at least will thus have to show a percen- 
tage on capital sunk solely for navigation. 

The total cost of falls and separate lockage is Rs 64,22,669 -I- 42,49,682 
= 106,72,351. The cost of falls with locks combined, is Rs 101,07,963 ; 
the difierence in favour of the latter is, therefore, Rs. 5,64,388, a useless 
saving if we lose the interest on Ks 36,85,294, for say 10 years only. 

94. Appendix E, gives the number of effective horse power, avail- MUis. 
able on the 95 canal falls (when there is a supply of 6,300 cubic feet at 
Mina Kote, and 2,965 at head of supplementary channel) after deduct- 
ing loss for irrigation, and applying a modulus of '58. Of the whole total 
of 77,929 H. P., it would be absurd to expect that anything approaching 
to the full quantity would ever be utilised in driving machinery, say, how- 
ever, that only one-ninth of the above is ultimately used, and we are in 
possession of water power sufficient to give profitable employment to a 
capital exceeding 2^ millions of pounds * for working up the raw agricul- 
turable produce of the districts into forms best suited for export, or for 
home consumption. Eventually, capitalists may come forward to take ad- 
vantage of the opportunity thus given them, and as it is to private enter- 
prise we must look for the erection of mills, the cost of them has not been 
estimated for in this project. 

Arrangements have, however, been made for utilising some portion 
of the water at each of the locks, for driving the common native " Pun- 
chukkl " ( or corn mill ) as on other canals. 

95. Having thus briefly described the works on the main lines of Woir at Deiaha. 
canal, it is necessary to revert to the supplementary channel. Drawings 
Nos. 24 to 26, show the details of the head works. The weir is designed on 
the same principle as that recommended by the Ganges Canal Committee 
for the weir across the river Ganges at Sookertal. The highest flood 
discharge of the river Sardah at Deiaha, the head of the supplementary 
channel, is calculated to be 108,100 cubic feet per second. With 10 feet of 
water passing over the weir, with 6 feet per second velocity, the discharge 
will be 110,800 cubic feet per second. The length of the weir is 1,525^ 
feet between abutments ; it consists of a sohd dam 1,200 feet in length, 

* See xnemorandam on motive power for machinery on Ganges Canal, by Colonel Baird Smith. 
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with two sets of regulating sluices on either flank. At the end of the 
dam next the regulating bridge, a lock chamber is constructed for boats 
passing up and down the river. The solid portion of the weir consists of 
a wall 10 feet thick at top ; the up-stream face being vertical, and the 
down-stream having a batter of 1 in 7. The regulating openings at each 
end of the dam consist of two series of twenty arches of 6 feet span, fitted 
with sluice gates worked in the same manner as that proposed for the 
works at Bunbassa and Nuglah. 

At the down-stream side of the regulating openings and solid dam, 
a flooring consisting of 2 feet of brickwork, covered with a paving of stone 
one foot thick, will extend for 48 feet. 

The whole of the weir, abutments, lock, and curtain walls at tail of 
flooring, will rest on wells 7 and 10 feet diameter, and 2 and 2^ feet thick 
carried down to a depth of 30 feet below bed of river. The wells below the 
flooring, will be 7 feet diameter, 2 feet thick, and will only be 17 feet in 
depth. Below the flooring, an apron of concrete blocks, or kunkur, will 
extend down-stream for a distance of 150 feet. 

96. The regulating bridge will be constructed in precisely the same 
manner as those at Bunbassa and Nuglah ; with the exception that the 
foundations are on wells carried down 30 and 17 feet below bed, and that 
the lock is detached from and placed at 370 feet above the bridge. The 
whole of these works are connected together with strong revetment walls. 
10 miles of protective embankment, m., 3 miles up-stream, and 2 miles 
down-stream of weir on either bank, are allowed for in the estimates. 

79. Map No. 3 shows clearly the proposed course of the supple- 
mentary channel between Delaha and Uncha Khera. Three streams are 
crossed, the Kundooha, Kutnia and Ool ; the two former of which will be 
diverted by cuts into the latter, which will then have an estimated dis- 
charge of about 7,000 cubic feet per second. The canal is carried over 
this river by a syphon, shown in drawing No. 27, capable of discharging 
7,316 cubic feet per second. One culvert for passing drainage water un- 
der the canal, where it skirts the high land ; and two for the drainage of 
the country between the Fyzabad branch and the supplementary channel, 
h^^ve been estimated for. 

98. One chokie for the accommodation of canal estabUshment, has 
been allowed for every 1 2 miles of canal. In the upper portion where the 
canal passes through malarious tracts, these chokies will have to be 
double storied ; but on the lower sections, they have been estimated for as 
single storied buildings. 

99. A lump sum of Rs. 1,00,000 has been entered down in the esti- 
mates on account of workshops, which will be required on the several 
divisions of the canal when work is started, 

100. Appendix A and map No. 5, give the details, &c., of a pro- 
posed tramway for the conveyance of materials from the stone and lime 
quarries at the head of the Jughoora Nuddee to Bunbassa ; also of the 
cost of permanent way and rolHng stock for running out the spoil from 
the deep digging at the head of canal to form the Chowka embankment. 
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101. Maps Nos. 2 and 4, show the proposed arrangement for raj- 
buhas or distributing channels, from the Shahjehanpore and upper portion 
of the Fyzabad branches. In other sections, three miles of rajbuhas have 
been allowed for each mile of canal. 

1 02. The rates of labour, cost of materials, &c., on which the estimates 
are based, are shown in Appendix F. 

103. Appendix D. shows that 74,834 acres of land are required for 
the canal and its distributing channels. 

SECTION IV. 



Bajbuhfts. 



Expenditure and Income. 

104. The estimate for the Sardah Canal (as per details in the accom- 
panying sixteen volumes) is Re. 544,42^971, to which must be added 
Re. 65,33,157 (12 per cent.) on account of establishment, and Re. 7,39,110 
on accoimt of tramway, or a grand total, of Rs. 617,15,238, {vide state- 
ment on opposite page) for main channels 1,206 miles in length, capable 
of discharging 10,780 cubic feet per second (7,835 at Nuglah, and 2,945 
at Delaha), or at the rate of Re. 51,173 per mile of canal, and Re. 5,725 
per cubic foot of discharge. 

105. In the rough estimate forwarded with the general report, the 
probable cost based on the averages of four canals was put down at 
Re. 4,000 per cubic feet of discharge ; on the supposition that the average 
velocities of 2^ to 3 feet could also be maintained on the Sardah CanaL 
Better information has shown, however, that an average velocity of from 
2 to 2^ feet per second is all that can with safety be allowed ; and this 
circumstance alone, has added most materially to the expense. An in- 
spection of the plans and estimates will also show that the fullest allowance 
has been given to every item ; every one of the falls on the main canals 
are supposed to be founded on wells ; whereas, actually in carrying out the 
work, these deep foundations will probably not be required in all the falls, 
but only in a few ; the rates qf excavation vary from a minimum of Re. 2-4 
to Re. 9-13, and do not, as in other canals, include turfing banks and slopes, 
which alone amounts to Re. 15,07,105. 

Again, the boulder flooring below falls and bridges has been extend- 
ed to a greater distance than usual, causing a difference of Re. 3,36,478 
on the whole estimate ; admit that gratings are not required at falls (vide 
also paras. 92 and 93,) and that sleepers can be used instead ; and the cost 
will again be reduced by Re. 7,02,867. 

106. Analysing the estimate in this way, it will be seen that by 
clipping rates ; cutting out what may possibly be considered extraneous 
items ; and above all by the perilous adoption of a standard velocity of 2^ 
to 3 feet, the cost of the Sardah Canal may be reduced to less than 
Re. 5,000 per cubic foot of discharge, or little more than the original es- 
timated cost of the Baree Doab Canal. The main object, however, that 
has steadily been kept in view, is to show in an open and clear light, the 
maximum cost of the Sardah Canal, and not to prepare an " ad captanduirC^ 
estimate showing the lowest possible sum for which the works might be 
constructed. 



Bates of labour, &o. 



Amount of land required. 



Probable cofit of Sardah 
CanaL 



Cause of difference between 
original and present estimate. 



Maximum expenditure es- 
timated for. 
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SARDAH CANAL. 



General Abstract. 



Branch. 


Total of 
Section. 


Total of 
Branch. 


1. 

f 


Centxal Line to Mina Kote^ 


... 


... ... 


... ... 


76,92,950 


2. 


Shahjehanpore, Branch, 


• • • 


... «•• 


... ... 


9,76,620 


3. 


Benares Branch — 












Section No. 1 . . . 


... 


... ..• 


75.11,790 






„ No. 2 ... 


... 


• •. . . 


48,91,945 






J, No. 3 ... 


... 


... ... 


52,03,292 






„ No. 4 ... 
Lucknow and Jaunpore Branch — 


• . • 


... ■ *• 


26,40,303 


202,47,330 


4. 








Section No. 1 ... 


* ** 


•*• ... 


49,48,289 






„ No. 2 ... 
Fy7Abad Branch- 


« * * 


..« . . 


51,79,782 


101,28,071 


5. 








Section No. 1 ... 


• . f 


• • • ... 


63,54,037 






Supplementary Channel, 


• f • t • • 


85,14,142 






Section No. 2 ... 


• •. 


«• • ... 


43,21,502 






„ No, 3 ... 
Lucknow Branch, 




.f • • • . 


17,57,343 


149,47,024 


6. 


• . ■ ... 


18,96,071 


7 


Durriabad and Jaunpore Branch, 


• • f 


•.• ... 


... ff. 


35,73,967 


8. 


Azimghur Branch, ,.. . . , 

Total Rup 


. • < t • * 

ees. ... 


... ... 

... ..• 


16,14,095 




609,76,128 




Add Tramway, 


... 


••• ♦•• 


t • • •« • 


7.39,110 




Grand Total Rupees, 


•f • ..» 


617,15,238 




^ .A. ^ ran 1 I 1 * 


A .* 1 


.1 . • 


1 • 1 • 


il 1 



107. The statement in para. 41 shows that, in estimating the proba^ 
ble number of acres that will be watered by the canal, a discharge of 
9,539 cubic feet per second is all that has been taken into account ; and 
on the assumption that instead of 296 only 250 acres are watered per 

cubic foot of discharge, 23,84,750 acres will annually be irrigated, which, 
at the low rate of Ss, 2^8-0 per acre, will give a return of Es. 59,61,875. 

The miscellaneous dues, on account of navigation, &c., being taken 
in the same proportion to water rate as on the Ganges Canal, will give 
a further sum of S«. 4,32,614, and the total gross revenue, per annum, 
will therefore be Rs, 63,94,489. 



Gtosi Annual Berenue. 
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Annual expenditure. 108. The annual expenditure in maintenance on the Ganges Canal 

is fis. 152 per cubic foot of water entering the canal, and on the Eastern 
Jumna Canal ^. 102; the extra amount on the Ganges Canal being 
caused by the repairs entailed in consequence of the great velocity in the 
channel. We may fairly, in the case of the Sardah Canal, where every pre- 
caution has been taken against excessive velocity, accept the lower rate. 
The annual charges on 10,780 cubic feet per second entering the canal 
will then be Rs. 10,99,560. 

The cost (Rs. 14,96,680) of the land required for the canal and its 
distributaries being included in the estimates, no deduction is made on ac- 
count of the yearly loss of revenue on the ground thus occupied. 

Ket income. 109. The annual gross returns being Rs. 63,94,489, and the expendi- 

ture Rb. 10,99,560, the net income will be Rs. 52,94,929, or a return of 
more than 8^ per cent, on the capital. 

Method of ^rrying out HQ. Thus WO See that, eveu Under unfavourable circumstances, when 

the work bj sections. ... . . 

the expenditure is taken at a maximum, and the probable income estimated 
at a most moderate hmit, the Sardah Canal will pay a fair percentage on 
the capital invested ; years though must elapse, after the water is admitted 
into the canal, before the full stan dard of irrigation is attained, and con- 
sequently, before the above dividend can be realized. The canal, however, 
can be made by branches, and as each one comes into play, and returns 
begin to be derived from it, others can be commenced. 

Allowing nine years for the construction of each of the sections, as 
proposed in the following paras. (111-114) the entire capital of six millions 
need not be called up for 36 years. 

KiBt section. 111. By carrying out the works as proposed in para. 41 of General 

Report, viz.y constructing first only the Shahjehanpore, Fyzabad (to Uncha 
Khera,) and Lucknow Branches, which run through land where water is 
most urgently in demand, and leaving in abeyance the remainder of the 
project, the estimate shows that the cost will be — 

Head Works to Mina Kote, including trifiircation, Rs. 

and tramway for materials, 83,32,060 

Shahjehanpore Branch, 9,76,620 

Fyzabad Branch to Uncha Eiera, 53,54,037 

Lucknow Branch, 18,96,071 

Total, ... Re. 165,58,788 



The statement in para. 41 shows that 508,000 acres will probably be 
irrigated, viz., on Acres. 

Shahjehanpore Branch, 87,750 

Fyzabad Branch to Uncha Khera, •.. 266,250 

Lucknow „ ., 154,000 



Total, 508,000 
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which at Rs. 2-8 per acre, will give an annual water rate of Re. 12,70,000 ; 
adding Ss. 1,00,000 for miscellaneous dues, the gross income will be 
Rs. 13,70,000. The maintenance charges on 2,500 cubic feet of water 
entering the canal at Rs. 102 per cubic foot being Rs. 2,55,000, the net 
income will be Rs. 11,15,000 or more than 6 per cent. 

But it must be recollected that the above sum of Rs. 165,58,788 
includes the full cost of the heavy Chauk^ embankment, and of the cut- 
ting above Mina Kote, also of the expensive trifurcations and escapes at 
that place and at Uncha Eiera. All these works, however, are not 
wanted for the limited- supply required for the Fyzabad and Shahjehan- 
pore branches : — ^the banks of the Chaukd, embankment instead of being 
raised to their full height of 1 4 feet need only be made 9 feet ; the regu- 
lating bridge at the head of the Benares branch need not be built, nor 
is it necessary that the escapes at Mina Kote and Uncha Khera, should 
be dug out to their fiill extent, the whole of the massive works at the 
latter place will not be required, nor need the locks on the lines be pro- 
vided at fixst. Deducting the amounts on account of these, viz., lockage 
Rs. 9,21,127, and Rs. 12,00,000 *on account of the other items, the cost 
will be Rs. 144,37,661, and the net income being Rs. 10,15,000, the re- 
turn will be a little more than 7 per cent. 

112. The next line to be completed would be the Benares branch, 
from Mina Kote to Benares, the cost of this as per abstract on page 74B, = 
Rs. 202,47,330, to which must be added Rs. 11,00,000 left unspent 
(para. 111.) on portion of canal between Mina Kote and Nuglah, or a total, 
of Rb. 213,47,330. 

The number of acres that will be irrigated =7,55,500 (para. 41) 
Water rent, Rs. 18,88,750 



• • • 



Adding miscellaneous dues. 

Gross Revenue, 
Deduct maintenance, 



Net annual income, . . . 



ff 



1,50,000 



„ 20,38,750 
3,57,000 



ff 



}f 



16,81,750 



which, on Rs. 213,47,330, gives a return of 8 per cent. 
113. The Jaunpore line would then be commenced. 



The cost is. 

Area irrigated, 

* 

Water rate, 
Miscellaneous revenue. 



JEvts. 



Gross revenue. 
Deduct maintenance. 

Net annual income, 



101,28,071 

4,55,750 acres. 
11,39,375 
90,000 



12,29,375 
1,88,700 

10,40,675 



or 10 per cent, on the capital. 



Second section. 



Third section* 



Bs. 11>00,000 doe to Benares Branch, and Bs. 1,00,000 to Fyzabad Branch. 



Fonrih Bection. 



Modifications of echeme. 



Work done. 
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114. After the above branches are finished, the supplementary chan- 
nel and the lower portions of the Fyzabad branch could be completed. 

The cost of these works (with ^. 1,00,000 unspent on upper por- 
tion of Fyzabad branch) is Ss. 148,81,049 and 6,65,500 acres will be 
irrigated, the water rate therefore will be Ss. 16,63,750, and the miscel- 
laneous dues about Rs. 1,10,000. 



The gross income tixerefore wiU be,... 
Deducting maintenance, 

Net annual income, 

or 9 per cent, on the capital. 



Rs. 17,73,750 
3,06,000 



9f 



f> 



14,67,750 



SECTION V. 
Miscellaneous. 

115. Many modifications of the above scheme for the Sardah Canal 
will doubtless present themselves to the mind. In preparing the project, 
however, the intention has been not only to prepare such a plan as would 
suffice for the irrigation of the entire area between the Gogra and Ganges, 
but also, in the event of its being finally determined that water is not re- 
quired for the whole of this tract, that the estimates and details should 
be so complete that by mere inspection and slight alteration they could be 
re-cast so as to show the cost of any alternative proposition that might bo 
brought forward. 

116. The work done in the preparation of the project has been con- 
siderable. 

Upwards of 4,300 miles of levels have been taken ; 7,500 square 
miles of country surveyed; 50 river discharges measured; 2,300 bench 
marks noted; 103^ miles of centre line of canal permanently marked 
out ; 6 temporary chowkies built ; and 1 1 trial wells sunk. Appendix G 
shows the differences between reduced levels of canal and Great Trigo- 
nometrical Survey bench marks between Benares and PiUibheet (360 
miles), closing in at the latter station with a diflference of '13 only, the 
credit of which accurate levelling is chiefly due to Mr. Handcock, by 
whom five-sixths of the work on this Une was done. In the intermedi- 
ate bench marks larger difierences than the above, occur ; the maximum 
being 70; but in the circle completed by the Great Trigonometrical 
Survey it will be observed that there is admitted to be an error in their 
work of '64. 

In addition, the officers of the Revenue Survey in Oudh were en- 
gaged in running a series of cross sections from the Ganges to the Gogra 
at intervals of 1 miles from Allahabad upwards ; the season's work for 
1868-69, comprising six sections (with the exception of reduced level of 
bench marks), has only been received up to date ; but when the remainder 
of the sections are completed, they will form a valuable ground work for 
a contour survey of Oudh, The splendid maps of the Revenue Survey 



( 36 ) 

Department showing, in the greatest detail, the topographical features of 
the country, have been of the greatest assistance {vide para. 87) in fixing 
the positions of the canal lines. 

117. Appendix K shows the total expenditure incurred on account 
of the Sardah Canal from the commencement of the preliminary surveys 
in January 1868, up to 1st September 1870. The total is fis. 2,04,358, 
which includes cost of chowhies, wells, lining out, &c., notwithstanding 
these charges, however, it will be observed that the rate is only Rs. 170 
per mile, for the 1,206 miles of canal projected ; a rate which it is trusted 
will be considered satisfactory when it is remembered that in England 
the cost of making only the preliminary surveys and getting up a pro- 
ject for a railway, which does not involve so much labour as a canal pro- 
ject, is estimated at £30 or Ss. 300 J)er mile. 

118. In the preparation of this project, most cordially and eflBciently Acknowiedgmenu. 
have I been assisted by all the officers engaged with me on the work. 

On Messrs. Heaford and Handcock, Executive Engineers, Messrs. 
Henslowe, Clark, Froude and Bull, Assistant Engineers, devolved the 
task of carrying out the extensive survey and levelling operations, re- 
quired as a basis for the project ; of plotting sections, and preparing maps. 
To Mr. Scott, Executive Engineer, and Messrs. Ledger and Keelan was 
assigned the duty of preparing designs, and working out estimates, of all 
the masonry works on the canal ; and to Mr. Parsick, Assistant Engineer, 
was entrusted the laborious business of estimating the whole of the 
earth-work in the canal, with the exception of the upper portion, which was 
estimated by Messrs, Heaford and Froude. 

The designs for the falls, shown in drawings 33 to 36, were made 
by Mr. Handcock ; those for the head works at Bunbassa, Nuglah (or 
Kunja Bojh), and Delaha, by Mr. Ledger ; those for the trifiircations and 
for the fall with lock combined, by Mr. Keelan; and the remainder by 
Mr. Scott. 

The sections of the upper portion of the canal and of the Fyzabad 
branch are based on the surveys and levels of Messrs. Heaford, Froude 
and Bull ; those of the Shahjehanpore and upper portions of the Benares 
and Jaunpore Branch on Mr. Henslowe's levels ; and the lower portions 
of the above branches and the whole of the Lucknow Branch on levels 
taken by Mr. Handcock. The lower portion of the Fyzabad Branch 
from Sera Mow to Fyzabad was levelled by Mr. Froude, and the Durri- 
abad and Azimgurh lines by Mr. Clark. 

J. G. FORBES, Captain, R K, 
Officiating Superintending Engineer, 

Sardah Canal. 



wmraBsssBssBmsssssssssssatBssBsmm 



APPENDICES. 



LIST OF APPENDICES. 



Appendix 
letter. 



Ck>nteniB. 



A. 



Tramway for materials. 



B. 



Abstract of General Estimate. 



C. 



Tabular Statement, showing nature and position of masoiuy 
works, changes in sectional area, and slope of canal chan- 
nel, with consequent velocities and discharges. 



B. 



Statement of land required. 



E. 



9f 



„ available Horse Power. 



E. 



Abstract of Bates. 



G. 



Bench marks. 



H. 



Average rain-falL 



I. 



Project by Sir Arthur Cotton and Colonel Eundall, for the 
Irrigation of Oudh. 



J. 



Classification of Land and Crops in Oudh^ 1868-69. 



K. 



Expenditure on the Sardah Canal Project from 1867-8 to 1st 
September 1870. 



L, 



General Report by Captain J. G. Forbes R. E. on the proposed 
Canal for the irrigation of Oudh, with Appendices, dated 
10th of February 1869. 



APPENDIX A. 

TRAMWAY FOR MATERIALS. 



■i 



APPENDIX A. 

From 

T. K HEAFORD, 

EXECTTTITK EkOINEEII, 

IrrigcUian Works, Oudh. 



To 



CAPTAIN J. a FORBES, R. E., 

SUPBRINTENDINO ENGINEER^ 

Irrigation Works, Oudh. 

Doled 6th August 1870. 



Sir, 



Coniplying ^tlfi your instructions, I Have examined {>vith a 
view of coti6tttictrrig & litfe 6f Riilway) the grbiind between Bnnbassa 
bmA the Quarries (stone stnd lime) at tii^ head Of the Jugboolra Nuddee. 
Having taken flying survey and levek/ 1 have now to submit the Result of 
tbaB mfi^ection. 

2. The time^ I could djiare to this w^brk' (aWt a fortnight), and the 
difficidt ika>tu#e' of the ground* which is aitogethet covei^ed by dense tree, 
bamboo and cane jungle, allowed me (assisted by Mi^. FrOude) to do little 
more than run one trial section and a few cross sections on the side- 
long, ground near the Jugboora head. 

The section No. 2, sent herewllih, AM th^' esti'niftte based upon' it arei 
therelbre likely to show a^ uiiduly high (iostf. A carei^ setting oiit of 
the Une can scarcely fail te re&idt^ iu' improvemeiit. 

^. ff^if the little' village oi Kalonia the Jugboora emerges frorii 
tfL& Mis" thi'oilgh' a deep goicge. About a mile and a half within this 
gbYg^e, oA the 6ast' side of the rivef arid dverlbokirig it from a height of 
abttttt^ 700* feet; is ike !^me which you discJovered* last"^ year and to which 
you directed mjf atteiitioii; 

'^eVr fte f66i of the* lull* at the top of wluch the linie lies is a stone 
qiiJstrty: llid ^Otoe ik gocidt d&H be had of any siie feijuifed, and can be 
^''gfbf'^^Mdtit (fiffibtilty. Moredtef, tliis site^s easierof access than any 
other good dl?olie quarter i havd beeii able to fiiid. 

To iiS^pcAm I ^]«^e thtft Li^mbfiVeff cOxbtild run; 

4. The lime lies too high to be accessible to Locomotives (except at 
vaat expense)^ but between it' and the stone quarry there is an even- slope 
down the side of the hill. No difficulty whatever exists in making an in- 
clined' plane conneoi^ngj thesd twa sites.' Laden* waggons' should be ihade 
to draw i^ emptiea 

Si From' the 'dtone^ qukny to^ the facfe of regulator is a distance of 
nearly 10^ miles. Hie' Ik^t^ |^ mile iM intended to be a double line. 
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6. As the centre line is not set out on the ground, it would waste 
time to make designs and drawings of works which may ultimately prove 
inapplicable, but I have made rough sketches of some of them from 
which to take out quantities and thus to ensure reasonable acciiracy in 
the estimate. 

These sketches I send herewith, and you will see that the quantities 
they show in each work are ample, in some cases perhaps even excessive. 

7. The curves (considering the gauge and the proposed rolling-stock) 
are very easy. Even when scarping the hill side near the stone quarry, 
where the running will be necessarily slow, no curve of less radius than 
600 feet will be required. 

As the average fall from one end of the line to the other is as great 
as 1 in 85, comparatively steep gradients are unavoidable, still the worst 
part of the line (about one mile of 1 in 35) presents no difl&culty in work- 
ing, especially as only empty trains will have to ascend the incline. 

8. For the first mile and a half the line scarps the hills on the left 
of the Jugboora. After that it runs over very favourable ground. 

From sketch No. 1, it will be seen that the railway goes straight 
from Kalonia to the Hela swamp, curves roimd it on the high ground to 
the site fixed for the crossing of the Hoodi Nuddee, and then takes a di- 
rection straight for the Bimbassa headworks of the canal. 

9. The estimate is based on the assumption that a 3 feet 6 inches 
gauge will be adopted. 

When high speed and the conveyance of a large number of passen- 
gers are not conditions demanded, it possesses several economic advan- 
tages over the gauge in use in this country. 

It is open to doubt whether these advantages would not be more 
than counterbalanced by the evils of a break of gauge, if the proposed 
work were likely to be connected with existing lines, but as this is most 
unlikely I have no hesitation in suggesting the adoption of a gauge 
which recommends itself by economy and the excellent working of which 
in Norway, I have had Qccasipn to enquire into and to admire. It has 
also successfully stood the test of experience in Queensland. 

10. With very little exception the line from Bunbassa to Kulonia 
(9 miles) runs over ground consisting of boulders and gravel ; from Ka- 
lonia to the quarry (1^ miles) the lull side is rock, some weathered, some 
in fragments, some still solid and requiring powder for excavation. 

Sketches Nos. 4 and 5, show dimensions of cuttings and banks in the 
first named 9 miles. Those for the upper part are estimated for in the 
same dimensions (although they safely admit of reduction on the rocky 
ground) except that the slopes are reduced to ^ to 1 and 1 to 1 respectively. 

11. Scarping along the hill side, it will be in many places advan- 
tageous to have a low retaining wall instead of running the bank out at 
its usual slope ; this will be particularly the case where the hill side is 
very steep, and where the small hill torrents are crossed. 



Carres, gradienti, &o.y 



Pontbn of line. 



Gauge. 



Earthwork. 



Hetaining vails. 



Lerel eromrngs. 



Bridges and CulTerto. 
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I propose to put these walls together of dry rubble, for which plenty 
of large stone will be obtainable from the upper side. Sketch No. 6^ 
shows the dimensions on which the estimate is framed I am not in pos*^ 
session of sufficient data to arrive at a detailed estimate, and have there*' 
fore assumed a wall 4 feet high all along the banks in addition to the 
full quantity of earthwork as per section. This is probably in excess of 
what will be actually expended; but here, as in every other doubtful case, 
I have carefully avoided under estimating the money required. 

12. Two roads only are crossed by the proposed line, and the traffic 
on them is not so great as to call for an expensive crossing. 

Sketch No. 7 shows the kind of crossing estimated for. I have 
added Rs. 150 to this part of the estimate to cover expense of temporary 
small crossings which no doubt will have to be provided for the accomo- 
dation of cattle belonging to the hill-men, who occupy this country dur- 
ing the winter season. 

13. There is only one stream of importance to cross, viz., the Hoodi 
Nuddee. Two others, whose names I do not know, appear to carry down 
a large volume of water during the rains, but, unlike the Hoodi, they are 
not perennial. 

These three streams I propose to cross by temporary bridges consist- 
ing of longitudinal balks (on which the rails are dogged) supported by 
timber pieces or tressels standing on stout wooden sills. The railway will 
not — ^indeed, for some time to come, cannot — ^be in use during the rains. 
At the end of each working season, the timber is to be removed and stacked, 
to be again put together on the resumption of work. On a line intended 
only for temporary use (say 8 years) it does not appear desirable to incur 
the great expense involved in building permanent bridges calculated to 
resist the violent torrents, which these apparently paltry streams grow to 
in summer. Sketch No. 8 shows roughly what is proposed. 

The small hill streams in the first noile and a half are intended to be 
crossed by a couple of balks framed together in the usual way, and 
supported by abutments of good dry rubble. 

I do not think the span will in any case exceed 12 fiset. 

Two (perhaps three) smaller culverts should be provided. Sketch 
No. 9 shows what is estimated for. 

The embankment is retained by the two side walls of the culvert. 
These are built of dry rubble if suitable stone is at hand, if not, then of 
pucca brickwork. 

The permanent way is carried over on two balks of timber which 
rest on a well packed frame of cross sleepers. I have not thought it 
desirable to rest the balks on the side walls. To do so is to make a hard 
rigid point in the otherwise slightly elastic line. 

Unless the rails are very constantly and carefiilly lifted and regulated 
on both sides of these rigid points, the percussion of every train not only 
shakes the best of masonry to pieces, but is also seriously detrimental to 
the rolling stock. 
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14, The permanent way is of 3 feet 6 inches guage. The rail is flat Permanent war. 
footed and weighs 42lbs per lineal yard. Resting on bed plates, it is 
fastened down to wooden cross sleepers by fang bolts screwed tight on 
the under side by nut and washer. 

There will be 1,760 sleepers to the mile, and three-fourths of these 
may, for the sake of economy, be of half round wood, round side upper- 
most, adzed to receive the bed plates. The joints are hanging, i. e., they 
are between sleepers and unsupported, but are well fished. Sketch No. 3 
shows the general arrangement, and in the estimate will be found the 
weights of the several parts. 

I must here account for an apparent incongruity in the design of 
this railway, while everything else is calculated for a temporary line only, 
while the bridges are temporary timber structures, and culverts and 
retaining walls are intended to be of dry rubble, the permanent way is 
made to have a strength and finish equal to the regular conveyance of a 
large passenger traffic. The line is no doubt absolutely required for the 
efficient construction of the Sardah Canal works ; considering, the quantity 
of stone and lime required, the size of the stone, the difficulty of access 
to the quarriers, the distance of the carriage, and the nature of the 
coimtry and roads, it would be economy to provide a locomotive track 
at almost any price. Still, as there is no probability of its being required 
for any other purpose after completion of the Canal (say eight years), it 
is desirable to sink as little capital as possible, no more than is absolutely 
necessary to keep it in efficiency during that time. 

* 

After carefiil consideration, I have come to the conclusion, that 
economy is to be ensured only by laying down in the first instance, a per- 
mauent way much superior in ballasting and fastening to what a quarry 
line would seem to require. 

Bunbaasa is very inaccessible, not only by reason of being so far 
from the sea-board, but by its distance from the nearest pucca road, and 
from the nearest point to which water carriage is available. It seems 
probable that the ironwork from England, when delivered on the ground, 
will (freight and charges included) amount to nearly treble the prime 
cost. 

Hence it is important to get as little iron as possible from home, and 
to take every care that none of it, (especially rails, which make so large a 
proportion of the weight) should require renewal. 

The rail must be made to last unrenewed until the Canal works are 
finished, which time we now estimate at 6 or 7, but which unforeseen 
delays may extend to 10 years. No rails of reasonable weight, fastened 
as is usual on temporary lines, could stand the work these will be sub- 
jected to for even the shorter of the periods mentioned ; to be safe for 
the longer period, it is necessary to have rails new, of good quality, and 
to expose them to a minimum of unfair wear and tear. The extra cost 
of the strong fastenings designed to comply with the laat condition re- 
presents only 1 1 per cent, of the sum, which renewal of the rails would 
involve. 
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I have no means of ascertaining what rails it is proposed to use on 
the Indian State Railways, but would suggest that if any rail of suitable 
strength and tread for our purpose, is being or intended to be imported 
by the Government of India, our rails should be of the same pattern. 
Whether we want a few odd rails, or whether we find at the end of the 
work that some fairly sound rails are to spare, it would be a considerable 
advantage to have rails interchangeable with some railway in permanent 
work. The one shown is sketched by me, not (as far as I am aware) a 
rail of standard dimension. 

The expense of delivering iron at Bunbassa is one reason for the use 
of wooden instead of iron sleepers. The line runs through forest jungle, 
and sleepers, as proposed, can be had in any quantity on the spot. Of 
course they will all require renewing, but the cost of this will bear no 
comparison with that of iron sleepers. 

The risk of breakage, too, would be large on so long a journey over 
bad roads, and moreover the ballast (coarse gravel and smaU boidders),- 
which is abundant, though fairly good for wooden sleepers, would not be 
safe for iron ones, unless it were broken up much smaller. 

I do not think anything further about the permanent way calls for 
present remark, unless it be the proposed fastening of the fang bolts on 
the underside of the sleeper. 

In my opinion, no road is safe on cross sleepers with ordinary dogs, 
however strong. On longitudinal sleepers, the case is different, and on 
the balks across the bridges, I propose merely to use dog-spikes. In the 
latter case, the small vertical wave-like motion of the rail in front of the 
advancing train is not only diminished, but is nearly coincident with that 
of the timber to which it is fastened 

On a cross sleeper road, there is a strong tendency to spring the 
bolts, and I have more than once seen the locomotive endangered by a 
spike being jumped into the machinery. Of course, jagged spikes would 
prevent nearly all risk of the kind, but they are very objectionable in a 
permanent way. 

It is difficult, often impossible, to draw them when you want them 
out, in the case of renewing a sleeper or the like. 

Cast iron chairs and wood keys suggested themselves, but the weight 
of chair and consequent expense is against them, they also require con- 
stant supervision lest the keys get loose. 

I have laid down and had to maintain many miles of road fastened 
in the manner sketched, and although using principally coloured labour, 
found no difficulty either in first laying down or in maintenance. 

Soiling 0tocik 1 5, The curves on the proposed line admit of almost any rolling 

stock being used. I have estimated for ordinary four-wheeled trucks and 
ordinary contractors' tank engines. 

If, however, it be contemplated by the Government to extend the use 
of a 3 feet 6 inches gauge^ or if the gauge of this line be altered so as to agree 
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wiih any in general use in India^ I would suggest the application of Clark's 
radial axles to the waggons, and more particidarly the use of locomotives 
an Fairlie's principle. The former will enable the waggons to be used at 
any future time on any line on which it may be found economical to em- 
ploy the sharpest curves, and the advantages of the latter are, I believe, 
beginning to be known and appreciated. An ordinary tank engine will do 
our work, but will not after that be worth much, if anything. 

An engine on Fairlie's principle can be relied on for many years* ser- 
vice, and during its working, wiU be economical not only in current ex- 
pense for fuel, &c., but also in the outlay for repairs. 

Of course, the engines will be adapted for the burning of wood 

16. I have not entered into any detailed estimate of tools and plant 
required ; as much as may be wanted for construction and laying the 
permanent way is included in the prices put down in the estimate, but I 
have, imder the head of Sundries, added the sum of Rs. 20,000 for pumps^ 
hose, &c., for locomotive water supply, and for the supply of tools and 
sundries, which axe necessaxy to effect minor repairs to locomotives and 
rolling stock generally. 

An estimate of cost of the whole work is as under. The large sum 
I have allowed for carriage of ironwork to Bunbussa has raised the 
average price quite to £4,000 a mile, but, as far as I can see, this item 
could not be reduced without risk of understating the probable outlay 
which this work will demand. 



fitrndries* 



BstiniAte* 



JUGBOORA QUARRIES' RAILWAY ESTIMATE. 

Jungle clearance. 



Say 50 acres at. 



• • * 



dcvD. 



80 



Inclined Plane (1,680 feet long). 

Forming road, Ss. 

Rails (including 10 per cent, for turn-outs). 

Spikes (ditto ditto). 

Sleepers (ditto ditto), 

Xvoiiers, ... ••• ... .,, ,,. 
Rope (wire). 
Drum and shed, 



• • • 



• . • 



. • • 



• • 



• . • 



• • • 



• • • 



if 
i> 



Earihworh. 

2,264,000 cubic feet rock @ Rs. 20, 
1,366,000 ordinary cutting @ Rs. 5, 
3,223,000 ordinary side cutting @ f 
Side ditching 18 miles @ Rs. 100, 



• . • 



• . • 



• • • 



• •• 



Retaimng vxtlU. 
65,000 cubic feet ® Bs. 100, 



6,720 
4,600 
875 
616 
1,680 
3,500 
2,000 



45,280 
6,830 
8,058 
1,800 



ZvD. 

4,000 



19,991 



61,968 



■ • • 



• •• 



6,500 
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Level crossings. 

Two main crossings @ Ss. 50, 100 

Say for temporary cattle crossings, 150 



Bridges. 




Hoodi Nuddee, 


Re. 4,000 


Two smaller streams @ Ba 600, 


„ 1,200 


Seven hill streams „ „ 175, 


„ 1,225 



250 



6,425 

Culverts. 

Three six or eight feet culverts @ Ss. 150, ... ... 450 

Permanent way. 

In each mile. 

Rails 66 tons, @ Rs. 200 13,200 

Bed plates 6f „ „ 180 1,991 

Fang bolts 6i „ „ 300 1,860 

Fish plates 22 cwt. „ „ 22 594 

Fishbolts 9 „ „ „ 30 270 

Sleepers No. 1760 „ „ 1 1,760 

Ballast 89,760, | 

Cubic feet (17 cb. ft. per ft. lin.), } ® ^s. 3, 2,693 

Lifting, trimming and regulating, 500 



Rs. 22,868 per mile. 



Length of line ... 10^ miles. 
Double line ••• f „ 



Hi 
10 per cent, for siding, \ 

cost of points, &c., j t « 

Say 12^ miles @ Rs. 22,868 285,850 

Rolling stock. 

60 waggons (ironwork) @ Rs. 300, 18,000 

Do. (wood-work),, „ 100, 6,000 

2 Locomotives, @ £3,000, 60,000 



84,000 
Sundries^ ••• ••• ••• ••• ••• ... •.. 20,000 



Rs. 489,434 
Contingencies, 5 per cent., „ 24,472 

Rs. 613,906 

OompariMm of Jngboon 18. For several reasons it would have been preferable to run a line 

to the stone quarries above Burm Deo rather than to the Jugboora head. 

Burm Deo already, has a considerable trade which is annually 
increasing. It is not improbable that even during construction of Bun- 
bassa head-works, the line might . have earned something by conveyance 
of produce. Possibly, it might prove worth while after completion of the 
works to maintain the line as between Burm Deo (a principal market 
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for trans-Himalayan produce) and Bunbassa (the head of a navigable 
canal) the cheapest highway towards most parts of India. 

I have a few levels in this part of the pountry, and, assisted by your 
protraction and levels taken two years ago, have miade a rough estimate 
for comparison with the one now submitted. 

A permanent Une to Burm Deo would no doubt be more expensive 
than one to the Jugboora, as four considerable streams have to be crossed, 
but on the assumption that these are to be dealt with by temporary 
structures similar to the one herein proposed for the Hoodi Nuddee, the 
cost of the line would be as nearly the same as possible to the cost of the 
one now estimated for, if there were any difference, I think it would be 
in favour of the Burm Deo line. 

There is only one objection to the adoption of the latter, but this one 
objection is fatal. The Jugboora line runs to stone and lime quarries, the 
Burm Deo line to a stone quarry only. There are abundunt indications 
of the presence of lime in the neighbourhood. Most of the small streams 
jfrom these hills are foimd to deposit lime in greater or less quantity in 
their beds, but although rewards have been offered for the discovery of a 
sufficient supply of lime, I am not aware of any considerable quantity 
having been found.. Before leaving these parts last spring, I pointed 
out to some hill men, well acquainted with the country, the direction in 
which lime might be found, desired them to search for it, and renewed 
the promise of a handsome reward if they succeeded in finding a suitable 
supply. 

Should they be successful, it would for many reasons be desirable to 
take the line of Railway to Burm Deo instead of to the Jugboora head ; 
otherwise, not even the many advantages of the former would outweigh 
the one great advantage of being able to obtain both stone and lime from 
sites within Httle more than ^ mile of each other, both sites being acces- 
sible to waggons running on rails* 

19. Since I commenced this letter, you have desired me to state the 
probable sum required for rails, &c., in the working of large cutting 
and embankment near Putsa. 

I do not think we should have less than 8 males of rails, &c., as the 
bank must be worked from both ends. In that case the cost will be 
about Rs. 225,204 as under : — 

Rails per mile, 66 tons @ Rs. 300, ... .... 13,200 

Spikes, &c., per mile, 44 mds. @ R&. 25,. ... 1,100 

Sleepers, per mile, 1,760 mds. @ Re^ 1,. ... 1,760 

SayRs. 16,060 per mile. 

. 108,480 

. 60,000 

36,000 

10,000 

. 10,724 

Rs. 225,204 



8 miles, @ Rs. 16,060, 
2 Locomotives, @ £3,000, 
120 Waggons, @ Rs. 300, 
Sundries, 

Contingencies, @ 5 per cent 



Putsa embankments. 
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Nothing is charged for laying the road down, as that labour is fairly- 
chargeable to the earth- work. So also will be the relaying and slewing 
of the road and renewal of sleepers. 

Good fastenings are here not estimated for, because ordinary^ spiking 
down of the rails will better serve the purpose where the road- way ia 
constantly being shifted, as must be the case in those exceedingly wide 
cuttings and banks. 

Tools, &;c., for repairs of Rolling stock are not estimated for, on the 
assumption that all that may be required will be. done by the shops 
attached to the Jugboora Quarries' Line. 

The waggons intended to be provided will of course be tip- waggons. 
There is no difficulty in altering some of thesa toward the end of th^ 
work, so as to make them tip-sideways in making good whatever may be 
required in trimming the slopes. 

The item sundries represents the probable cost of pump, tank, hose, 
cock-post, piping, cinder-pit, &c., and of a locomotive shed in which to- 
house the engines during the rains. 

I have the honour to be,. 
Sir, 

Your most obedient servant,, 

(Sd.> T. E. HEAFORD, 

Executive Engineer^ 
IvrigcUion Works, Oudk 

P. S. — I have estimated nothing for land, under the impression that 
all the country we cross is the property of Government 
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APPENDIX D. 



8ABDAH CANAL. 

STATEMENT OF LAND REQUIRED. 



Oanal Liii0. 



Length in feet 



Central Line. 
From Eunjah Bojh to Mina Eote, 



Escape Channel, 



4 Chokie Compounds, 4 acres each, 

Shahjehanpoob Bbanch. 
Hina Eete to ISiahjehanpoor, 



Sajbnhaa, 



« •. 



• # 



6 Chokee compounds. 



Benabes Branch. 



Section No. 1, 



•••■ 



Do. „ 1 escape^ 

Do. „ 2, 

Do. „ 2 escape, 

Do*. yf. Of •■• 



Do. „ S escapes, 



Do. „ 4| 



••f 



Bajbuhasy 



• #• 



• .. 



•■• 



• • 



•>•-. 



26 Lock Chazm^ and ^oclosoresy 66^ acres eadi,. 
30 Chokie Compotmds, 3 acres each, 

Lttcenow^ and Jounpoor Branch.. 
SoqUmi No. 1„ 



Do. 



»• 



I escapesy 



•■»- 



Do. „ 2, 



Do. 



2. escapes^. 



••..•• 



• 9^ 



••• 



SajbohaSy 

16 Lock Channels and enclosures, at 66f acres oachi 



21 Chokie Compounds, 



Carried over^ 



m.: 



m-mm 



7,25,670 
14,00a 



8,84,000 



8,07,000 
8,000 

&>64^000 
8,500 

^,86,000 

4,500 

14,000 

4,42,000 



».*■ 



5,48/)00 
2;800 
1,000 

778,000 

6,000 

11,500 



Width in flwb 



fm^ 



600 



Total in MXM. 



100 



600> 
430 
6S0 
840 
880 
340 
S2Q, 
250 



•••■ 



270 
820 
S20 
260 

800 



• • 



2,001 

161 

16 



mim^ 



767 

1,008 

18 



4,229 

78 
7,121 

27 
8,112 

B5 

103 ) 

2,887 

7,618 

1,729 

90 



8^366 

24 

4,614 

120 

8,171 

1,064 

68 



Grand TotaL 



^^^^m^m^^tmmmmt 



2,178 



1,798 



28,879 



12,422 



44^972 



APPENDIX B.-^Cmtinued.) 



- 

Oaaiil IdiM. 


Length in feet. 


Widtii in feet. 


Total in acre*. 


Grand Total 


Brought forwa/rd 








44,972 


Fyzabad Branch. 










Section No. 1, 


4,83,000 


300 


8,827 




Do. „ 1 escapes, 


4,000 


320 


80 




* 

Do. » 1» ,» •• 


8,000 


380 


69 




Supplement Channel,. . 


2,19,000 


320 


1,609 




Section No. 2, 


4,64,000 


550 


5,101 




Do. „ 2 escapes, 


3,500 


320 


26 




Do. „ 3, 

• 


2,08,000 


260 


1,239 




Bajbuhas, 


• • 


• 


4,354 




21 Lock Channels, . . 


a • 


• • 


1,897 




20 Chokie Compounds, 


• • 


• • 


• • 




8 Ditto dittOj at 4 acres each, . . 


•,•• 


, • • 


82 




12 Ditto dittOj at 3 acres each . • 


m 


• • 


86 


17,820 


LucENOW Branch. 






Uncha Eheree to Lucknow, . • 


2,97,000 


270 


1,841 




Bajbuhas, 


■ • 


• • 


1,183 




6 Lock Cliannels, 


• • 


• . 


899 


' 


3 Chokie Compounds, 




• • 


16 


8,488 


DUBIABAD AND JOONPOOR BRANCH. 






Duriabad to Jounpoor, 


5,72,000 


260 


8,414 




Bajbuhas, 


a a 


a • 


2,268 




9 Chokie Compounds, 


• • 


. . 


27 




8 Lock Channels and enclosures, 


• 


a . 


532 


6,241 


AziHGHXTR Branch. 






Fyzabad to Azimgurh, . . 


4^51,000 


130 


1,846 




Bajbuhas, 


• 


• • 


1,596 




7 Chokie Compounds, 


• • 


• « 


21 


2,963 


Grand Total Acreej, 


• • 


• . 


• • 


74,884 



APPENDIX E. 

AVAILABLE HORSE POWER. 
Statement showing the effective power for mechanical purposes avail- 
able in each of the Districts traversed by the Sardah Canal. 



District. 


Number of 
fall. 


Height. 
Feet. 


Discharges. 


H. P. 


Total in each District 


SHJLHJ£HAirPOOR BRANCH. 














Bareillj, 


. . ■ 


... 


1 


7 


351 


162 




M •.. ... •■• 


• . . 


... 


2 


99 


340 


157 


/ 


M ••• ••• *•• 


... 


. • • 


3 


10 


300 


198 




fj •*. ••• •*• 


• . • 


... 


4 


5 


290 


96 




.% ... ... ■•• 


« • . 


... 


5 


7 


280 


129 




9y ••* •*. .«• 


... 


... 


6 


6 


180 


59 




fy •■* .•* ••• 


... 


... 


7 


9f 


112 


87 




)| ... .•• •*• 


... 


... 
... 


8 
9 




93 

56 


81 


869 


Bhahjehanpoor^ 


18 




yy ... • > • 


... 


... 


10 


10 


86 


24 




•• • . • • . • 


.•• 


... 


11 


20 


36 


48 


90 


BsKARSs Branch. 






Section No. 1. 
















Bareillj, 


... 


• • . 


1 


10 


4,894 


3,280 




ff .•• ••• ••• 


... 


• •• 


2 


>9 


4,867 


8,212 




ff ... .•• ••• 


... 


. •* 


3 


» 


4,818 


8,180 




ff ... ••• ••• 


••■ 


... 


4 


»> 


4,818 


8,180 




fy •*. ••• ... 


... 


• •• 


5 


}> 


4,768 


8,148 




}y *•* ••• *•• 


.•• 


... 


6 


W 


4,546 


8,000 




9} ... ... .*• 


••• 


... 


7 


»» 


4,546 


8,000 




yf ••• ... ••* 


... 
••• 


... 

• •• 


8 
9 


9) 


4,500 
4,408 


2,970 


24,920 


Shahjehanpoor, 


2,909 




fi • « • . . • 


... 
••• 


... 


10 

11 


n 

99 


4,305 
4,259 


2,841 


5,750 


Ehereo, ... ... .«• 


2,811 


/ 


„ Section No. 2, .•. 


... 


• f 1 


1 


10 


2,340 


1,544 


4,355 


Section No. 2. 






Hurdni, ... ... ... 


«.• 


• •f 


2 


10 


2,292 


1,518 




„" .•• ... ... 


... 
• • • 


... 

f f ? 


3 

4 


6 

10 


2,147 
•2,005 


850 


2,868 


Oonao, .«• 


1,323 




If *•• •*. .•• 


• . » 


• •f 


5 


99 


1,884 


1,243 


• 


Section No, 8, 










. 






OonaOi 


•• • 
... 

••• 


•f • 

... 


1 
2 
3 


10 
6 
8 


1,762 
1,432 
1,890 


1,168 


3,729 


Pertabgurh,... ••• ..« 


567 


567 


Allahabady 


277 




Section No, 4^ 








- 








Allahabadi , 


• •r 


f f • 
••• 


I 

2 


8 

10 


$89 
380 


127 


404 




i 218 





APPENDIX E,—f(^f*»^dj' 



District. 


Nombwof 
faU. 


Height. 
Feet. 


DisoliargM. 


H. P. 


Total in each Diatrict 


Benases Ba^KCH. — {Continued,) 














JofiQATOSy. ••• ••• ••• ••• 


»•• 


8 


10 


281 


185 


« 


ji ... •*. ••• ••• 


• • * 


4 


99 


281 


185 




|y ..« ••• ••. ■•• 


.. • 


5 


l> 


281 


185 




9) ••• •■• ••• ••• 


•t 


6 


» 


281 


185 


• 


91 ••• «.« ••• ••• 


■ . • 


7 


99 


281 


185 


1,148 


LxrcEirow aitd JoxrirpooB Bbaitch. 










1 


• 


Section No. 1. 




t 










Hurduiy 


»•• 


1 


6 


1,803 


714 


• 


9f ••• ••• «•• ••• 


••. 


2 


M 


1,762 


698 


« 


99 ••« ••• ••• ... 


*•• 


8 


» 


1,761 


697 


a 


99 ••• ••• •«• .•• 


••• 


4 


ly 


1,680 


666 




99 •■• ..• •*• ■•• 


• a. 


6 


» 


1,597 


682 


■ 


99 ••• ••• »•# ••• 


I*. 


6 

7 


10 


1,548 
1^883 


618 


4,019 


Lucknow, ... ... ... ... 


918 




99 ••■ ••• ••• ••• < 


!•• 


8 


f» 


1,801 


859 




Section No. 2. 














Lucknow, .«. ... .«. ,,• 


>•• 


1 

2" 

8 

4 


6 
10 


970 
706 
649 
885 


884 


2,166 


Sultanpoor, 


280 


280 


Pertabgurh, 


154 


154 


Jounpoor, 


254 


• 


99 ••• ••• ••• ... 


»•• 


5 


99 


858 


286 




99 ••• •.• ••• ••• ( 


>•• 


6 


99 


858 


286 




99 ••• ••• ••• ... 


• t* 


7 


99 


858 


286 




99 ■•• ••• ••• ••• 4 


►•» 


8 


99 


858 


286 


1,198 


Ftzabab Bbaitch. 




Section No, 1. 














Bareilly, 


r«* 


1 


10 


1,764 


1,164 




99 ••• •.• ••• ••» 


i«* 


2 


99 


li768 


1,164 


t 


99 ••• ••• «•• «•• 


■ • • 


8 


99 


1,746 


1,162 




99 ••• ••• ••• ... 


• •• 


4 
5 


99 
»9 


1,746 
1,780 


1,152 


4,682 


Shahjehanpoop, 


1,141 


>9 ••• ••• ••• 


1. • 
• • ■ 


6 

7 


99 
99 


1^780 
1,680 


1,141 


2,282 


jxuorcOy ... ... .•• .,. 


1,109 


99 ••• ••• ••• ••• 


• a. 


8 


99 


1,646 


^ 1,086 




99 ••• ••• *•• ••• < 


»a« 


9 


99 


1,282 


818 


« 


99 ••• ••• ••• ••• 

1 


I .. 


10 


7 


1,178 


542 




99 ••• ••• .«• ••« 


I •• 


11 


19 


1,158 


635 




99 ••• ••• ••• ••• 

i 


>•• 


12 


99 


1,129 


621 




n ••• ••• •♦•• ••• 1 


• • 


18 


10 


1,016 


670 





A 


PP 


ENBIZ 


E» — ( Continued J 








BUtrict. 




Kombmof 
Ml. 


Feet. 


Discharge*. 


H.P. 


Total in each District. 


Ftzabap BsAircH. — {Oontmted.) 


\ 










\ 




Section m. 2. 












. 




ivnorooy «•• ■•• ... •., 


. • ■ 


1 


10 


2,689 


1,742 






]) ••• ••• •• ••• 


• • • 


2 


99 


2,654 


1,686 






99 ••• ••• ••• set 


... 


3 

4 


it 
»9 


2,488 
2,411 


1,639 


10,843 




Barabonkee, 


1,591 




f% ••• ••• •!• 


• • . 


6 


>9 


2,340 


1,644 






SecHon No, 8. 
















Barabunkee, 


• ■ . 

... 


1 
2 


10 

19 


1,079 
917 


712 


3,847 


« 


Fysabad, 


605 




J9 ••• ••• ••• ••• 


■ •• 


8 


ff 


203 


138 


738 




LucEKOw Bra ITCH. 






Seetapoor, , 


• •• 


1 


7 


616 


285 






n ■■* ••• ••• «•• 


••• 
• •• 


-2 
8 


91 


484 
422 


224 


609 




Lucknow, 


195 




99 ••• ••• ••• ••• 


... 


4 


10 


885 


254 






99 ••• ••• ••• ••• 


.•* 


6 


99 


281 


186 






99 ••• ••• ••• ••• 


••• 


6 


7 


281 


130 


764 




]>17&IABAB AKD JOUKPOOB BbAJTCH 






Barabunkee, 


... 

• •• 


1 
2 


7 
6 


1,189 
996 


649 


649 




Fyzabad, ... ••• ••• 


394 




y) ••• ••• m* ••• 


• •• 

• • * 


8 

4 


8 

10 


980 
451 


184 


678 




Jonnpoor, ... ... ... ••• 


298 




99 ... ... ••« ••• 


• •• 


6 


99 


208 


184 






)} *.• *.. ••. ••• 


••• 


6 


99 


203 


184 






9f ••» .•• ••• ,,, 


• •• 


7 


99 


203 


134 






19 *•• ... .■• ••• 


... 


8 


» 


2a3 


184 


834 




AziMOUUB Bbakch. 






fyzabady 


• •• 


1 


7 


706 


826 






9t ••• ••# ••• #•• 


• •• 

• •• 


2 
8 


99 

4 


572 

178 


264 


690 




Jonnpoor, 


47 




99 ... ... ••• «•« 


• • • 


4 


10 


80 


58 






19 ••• ••• ... ••• 


.• . 


5 


91 


80 


68 






99 ••» ••• ••• ••• 


... 


6 


99 


80 


63 






9f ••• ••• •.• ••• 


• • • 


7 


w 


80 


58 


257 

* 


m 



APPENDIX "E—iContinued.) 

General Abstract of H. P. at falls in each District. 



Distriets. 


Shahjehan- 
poor branch. 


Benares 
branch. 


Lucknow and 

Jounpoor 

Branch. 


Fjzabad 
branch. 


Lucknow 
branch 


Duriabad and 

Jounpoor 

branch. 


Azimgurh 
Branch. 


Total 
Hone Power. 


Bareillj, 


869 


24,920 


• • • 


4,632 


• • • 






30,421 


Shahjehanpoor,... 


90 


6,750 


*•• 


2,282 


• • • 






8,122 


£heree, 




4,355 


. * • 


10,343 


• • • 






14,698 


Hurdui, 




2,363 


4,019 


... 


• « • 






6,882 


Seetapoor, 




• • • 




... 


... 


509 






509 


Oonao, ... ... 




8,729 


... 


■ . • 


« • • 






8,729 


Lucknow, 




... 


2,156 


... 


764 






2,920' 


Barabunkee, 




... 


• • • 


8,847 


■ « • 


549 




4,396 


Fyzabad, 




. . • 


• • • 


788 


••• 


678 


690 


1,906 


Sultanpoor 




* *• 


280 


*•• 


... 


• . • 




280 


Pertabgurh, 




567 


154 


• •• 


• ■ . 


.« • 




721 


Allahabad, 




404 


... 


■ *• 


... 


... 




404 


Jounpoop, 




... 


1,198 


••• 


. •• 


884 


259 


2,291 


Benares, 




1,143 


... 


... 


• •• 


... 


•• . 


1,143 


Total 


I ... 959 


43,231 


7,807 


21,842 


1^73 


1,961 


849 


77,922 



APPENDIX F. 







SAI 
Absi 


tDAHCAB 


AL. 

lt6S« 








tract of Ba 




DescriptioiL 






Bates adopted. 


Bates in Oudh. 




















Bate. 


Per. 


Bate. 


Per. 


Chavkkl ExCAYATIOir. 












Main Channel^ 


*•• 


••• 


2.13 to 9.13 


1,000 c. ft. 






Sranches, ..• 


••• 


... 


2A to 4-12 


Do. 






Lock Channels, 


... 


■•• 


2-4 


Do. 






Escape Channels, 


. . • 


... 


3.8 


Do, 






Widening at Falls, Bridges, &c., 


• •• 


... 


3.8 


Do. 






Biyer Diversions, 


... 


... 


4.0 to 7.0 


Do. 






Turfing, 


••• 


•• . 


a4-0 to 0-6.0 


100 s. ft. 






Fencing, 


... 


. •• 


3.0 


100 r. ft. 






Concrete Walls, 


••• 


... 


125-0 


1,000 c. ft. 






Clearance of Jungle, 


• • » 


... 


76-0 to 80-0 


acre. 






Compensation for Lands, 


••t 


... 


20-0 


acre. 




• 


Masokby Wobu. 














Excavation for foundations, 


• •• 


... 


4-0 


1,000 c. ft. 






Ditto in shingle and boulder, 




••• 


6-0 


1,000 do- 






Boulder Masonry, 


••# 


••• 


14-0 to 15-0 


100 do. 






Ditto packing, 


*•• 


•■• 


7-0 


100 do. 






Boulder and kunkur flooring. 


... 


• . • 


6.0 


Do. do. 






Concrete, 


... 


• . • 


8-0 


Do. do. 






Pucka brickwork, 


... 


... 


. 25.0 


Do. do. 






Ditto ditto in wells. 


... 


••• 


20.0 


Do. do. 






Ditto ditto in arches. 


• * . 


... 


28-0 


Do. do. 






Brick on edge flooring. 


... 


... 


28-0 


Do. do. 






Hammer dressed ashlar, 


••• 


... 


1.12 


cubic foot 






Stone, 


... 


. •• 


2-0 


Do. 






Stone grooving. 


.*• 


••• 


2-0 


lineal foot 






WblIi snniKO. 














Cylinders, 16 ft. diameter. 


... 


••• 


30-0 


running foot. 






Ditto 14 ft. ditto. 


••• 


. • * 


22-0 


Do. 






Ditto 12 ft. ditto, 


... 


... 


20-0 


Do. 






Ditto 10 ft. ditto, 


. » . 


••• 


18-0 


Do. 


1 




Ditto 8 ft. ditto, 


. •* 


• •• 


17-0 


Do. 






Ditto 7 ft. ditto, 


• • • 


••• 


15-0 


Do. 






Fuddling, 


••• 


• t • 


10-0 


1,000 c. ft. 






Metallm^, 

Iron railing, 2i in height, . . , 


... 


•• • 


6-0 


100 do. 


4 to 5 


100 e.ft. 


••• 


••1 


5-0 


running foot 






Sal woodwork, 


... 


• . • 


3.0 


eft. 






Ditto Lock gates. 


■•• 


••• 


7-8 


Do. 






Ditto Sluice gates. 


... 


... 


4-8 


Do. 






Ditto Sleepers 


... 


••• 


15-0 


each 






Ditto ditto for rails. 


• ■ • 


•f. 


3-8 


c ft. 






Drum sluices, 


••• 


« . ■ 


130 to 160 


each. 






Hooks, ••■ 


• •• 


• . • 


12-0 


Do. 






Pulleys for lock gearing, 


. • • 


... 


5-8 to 6.0 


Do. 






Chain for ditto. 


• !■ 


••■ 


1-0 


Unl. ft. 






Crabs, 


. » • 


• t . 


140 to 150 


each. 






Travelling crane, 


... 


•. . 


300.0 


Do. 






Tramway rails, 


* t • 


. » . 


18 


maund. 






Ditto spikes, 


. • • 


•». 


25-0 


Do 






Cast Iron, 


.•• 


••• 


14-0 


Do. 






Chowjoss. 














Pucka brickwork. 


• >» 


... 


21-0 


100 c. ft. 


20-0 




Eutcha pucka brickwork, ... 
Kutcha brickwork. 


• •• 


... 


14-0 


Do. 


14-0 




... 


• • 


3-0 


Do. 


3-0 




"Woodwork, 


... 


• • • 


8-0 


eft. 


3.0 




Brick flooring, 


• • • 


• * . 


15-0 


100 c ft. 


15,0 




Terrace roofing, 


... 


• at 


18.0 


100 s. ft. 


18-0 




Plastering, 


• . » 


. * • 


3-0 


100 s. ft. 


3-0 




Whitewashing, 


... 


... 


0-4 


Do. 


0-4-0 




Plinth Filling, 


... 


... 


0-4 


100 c, ft. 


Do. 




1 Panelled aod glazed doors and windows. 


• • . 


1-0 


s. ft. 


1-ao 




Batten doors. 


• . • 


. ■ • 


0-8 


Do. 


0-8-0 




Iron railings, 


. •• 


• •• 


12-0 


maund 






Sunshades, 


• •t 


• •• 


0-12 


B. ft. 


0,12-0 





APPENDIX G. 



BENCH KABES. 



Bench marks. 



/ 



Sardah Canal 
Leyels. 



I 



"ul^l- I »i«"«»'* 



434rth Milestone, Grand Trunk Road near Benares, 



265-37 



Bridge No. 62, 0. R. Ry., 
Culvert No. 54, ... 
Temple, Kakaji, ... 



••• 



#•• 



• • • 



Well, Chotain Sirdar, ... 



••• 



••• 



••* 



Culvert No. 34, ... 
Well, Bantbara, ..* 
Culvert No. 26, ... 

Alum Bagb, 

Tank, Futteh Ali, 

Iron Bridge, Lucknow, . . . 

G. T. B. M. Ataria, 
XJncha Ehera, 

Seetapoor, 

Luckeempoor No. 3, 

Sunnea No. 24, 

Delalia No. 28, 

Trifurcation, 

Pillibheet, 



•.• 



• •. 



••« 



••• 



••• 



•«. 



••. 



• •• 



404-95 
402-60 
397-40 



883-40 

398-41 
400-40 
898-68 

403-47 
399-46 
371-93 

418-37 
453-41 

445-51 

48368 
461-48 
476-12 
629-82 

609-69 



265-37 



BemaAs. 



{ 



{ 
{ 



403-28 

398-08 

384-12 
38356 

39911 

40110 

399-38 

40417 
40921 

40015 

372-42 
371-924 

418-49 



} 



{ 



445-87 
445538 



} 
} 



•68H. 
•68H. 

•72H. 

•70H. 
•70H. 
•70H. 

•70H. 

•69H. 

•49H. 



} 



•36H. 



{ 



609-82 
60982 



G.T. Survey. Heigbts 
N.W. P. and Bengal, 
page 28. 



aT.S.Oudb,page55, 
Ditto. 

Ditto. 

Ditto. 
Ditto. 
Ditto. 

Ditto. 

Ditto. 

Ditto. 



Page 52. 



Page 50. 



} 



•13H. 



Page 42. 



Note hy Superintendent, Cheat Trigonometrical Survey of India, 

The height above the mean sea level of Karachi Harbour, of the G. T. S. Bench mark at Cawnpore, as brought down directly from 
the B.^ M. at Meerut, by the main line of levels, is — 

* 407'76 feet. 

(Vide page 12 of tables of heights in North Western Provinces and Bengal.) 

The height as brought down from Meerut, by the branch line through Moradabad, Bareilly, Shahjehanpoor, and Lucknow, is— 

40711 feet. 

Thus the two determinations differ by 0*64 feet, «hioh cannot be considered a material discrepancy, for the two lines are of the res- 
pective lengths of 200 and S80 miles, forming a circuit of 620 miles. 

As the heights on the main line, as well as those on the branch line as far as Bareilly, have already been published, it is not at pre- 
sent desirable to alter them, though this will have to be done eventually. As a provisional measure, the discrepancy of 0*64 feet has been 
distributed over the levels between Bareilly Church and the B. M. at Cawnpore, the argument being the distance in miles from Bareilly. 

'&. B.— The large black figures denote levels furnished by Mr. Lane, Great Trigonometrical Survey. 



APPENDIX H. 



Average rainfall in the districts traversed by the Sardah Canal 

(approximate.) 




PilUbheet, 
Bareilly, . . 
3hahjehanpoor, . 
Kheree, . . 
Hurdui, .. 
Seetapoor, 
Oonao^ 
Lucknow^ . • 
Barabunkee, 
Fyzabad, 
Hoy Bareilly, 
Sttltanpoor^ 
Pertabgurh, 
Allahabad, ' . 
Jounpoor, 
Azimgurh, 
Benares, . . 



•• •• •• ■• 

• • •• •• •> 

•• •• •• •■ 

»• •• .• •• 

»• •• •• •• 

»■ •• •• •• 

■• •• •• •• 



41-76 



36-46 



27 



•31") 

> doubtful 
19-47) 



35-51 



25-87 



36-03 



3446 



44-50 



31-32 



3810 



40-65 



42-80 



43-52 



43-65 



4010 



APPENDIX I. 

Arthur Cotton and Colon 
the Irrigation of Oudh. 



EAST INDIA IRRIGATION AND CANAL COMPANY. 

BeoeiTed under ooTer of General Outline statement of the scheme of works projected on 

Secretary to Chief Oommis- . ^ « , . -r • • j -vt • x* j. xu 

■ioner, Oudh, 1). P. w., No. behalf of this Company for supplying Irrigation and is avigation to tne 
1868! "^^ Province of Oudh, and for connecting that province, by means of the 

^'Soane Project," with Calcutta, and now under consideration by the 

Directors. 

It is necessary to commence this paper with the remark, that the 
description it purports to give of the several contemplated main lines of 
canal and works is founded upon a general local survey and plan by 
Major General Sir Arthur Cotton and Colonel Rundall, two Engineer 
Officers of the largest experience in the projection of such works, and 
that, although such description cannot be more than an approximate one, 
still subject to those alterations which may be shown by a close and de- 
tailed examination to be advisable and necessary, it may be assumed to re- 
present fairly a general outline of the scheme desired to be undertaken. 

It is also right to add, that the Directors, after long and very care^ 
consideration, have the strongest conviction that too much importance can- 
not possibly be attached to the connexion of the system of works now 
proposed to be provided for Oudh, with that intended for Behar, ike., see- 
ing that, thereby, each portion of the territories occupied by both schemes 
will be united by cheap and easy lines of water communication with every 
other portion, and become possessed of all those advantages which flow 
from a general interchange of commodities and produce, whilst the agri- 
cultural and commercial capabilities of the whole of the area thus com- 
bined will be rendered capable of full development by the provision of an 
external post and direct comjnunication with the markets of the world. 
The effect of thus uniting the two schemes upon the pecuniary interests of 
the Company will unquestionably be very great and satisfactory, as the 
profits r^alized from each portion of the undertaking will be materially 
increased, but the benefits that will at the same time be conferred upon 
the Government and upon the people will be immeasurably more extensive. 

The scheme of works thus planned for Oudh, with reference to their 
connexion with the Behar project may be described as follows : — 

At a point on the Sardah river, about thirty miles below Barumdeo, 
it is proposed to construct an anient, or weir, across that river, from imme- 
diately above which a main trunk canal ( Main Trunk Canal No. 1 ) will 
be carried close past the towns of Pillibheet and Bareilly, and be conti- 
nued from thence southwards, as presently described. 

It may, and probably will, be found, upon a more detailed investiga- 
tion, to be inadvisable to bring the whole of the required water for this 
'* Main Trunk Canal No. 1" from so high a point on the Sardah as Ba- 
rumdeo, in which case, a second anient will be constructed across that river 



( 2 ) 

considerably below the first anient, probably near to Beira, and a main 
supply channel ( Main Trunk Canal No. 2) will be led off jfrom thence 
and be made to deliver its water into " Main Trunk Canal No. 1" a little 
south of Shahjehanpoor, which " Main Trunk Canal No. 1," will then be 
continued near to the Ganges river ? (the highest ground being there) to 
opposite Allahabad, where it can be connected with the system of works 
projected for Behar, from the Soane, &c., by an aqueduct across the Ganges, 
which aqueduct has been proposed to form part of the last mentioned sys- 
tem of works, the cost being borne equally by both projects. 

From "Main Trunk Canal No. 1," there may be thrown off one 
branch (Main Branch Canal No. 1) from below Oonao to Cawnpore 
and another branch (Main Branch Canal No. 2) to Lucknow, and then on 
to the Gogra above Fyzabad, or the " Main Trunk Canal No. l"* may be 
divided at a point higher up than Oonao, i. e.. near to Sandeela, one divi- 
sion or line ( Main Trunk Canal No. 2) passing Lucknow and proceed- 
ing parallel with the Goomtee to Benares, the other division or line 
(Main Trunk Canal No. 1) proceeding direct to Cawnpore as before 
stated. 

The " Main Trunk Canal No. 1" and its branches ( Branch Canals 
Nos. 1 and 2) or its division ( Main Trunk Canals Nos. 2 and 1) will 
provide for the irrigation of the whole tract of country between the 
Ganges and the Goomtee, and also the means of commimication between 
Kohilkund and the cities of Allahabad and Benares, and by means c^ the 
proposed works in Behar, from the river Soane all those places will be 
connected with Calcutta, whilst the cross channels (Main Branch Canals 
Nos, 1 and 2) will serve chiefly few navigation to convey the traffic of the 
present Ganges Canal from Cawnpore to Lucknow, Fyzabad, &c. 

At Mularpoor, near to the junction of the river Ghagi or Sardah 
with the river Gogra, there will be constructed an anient or weir across 
the stream, and from the western end of that weir a main trunk channel 
( Main Trunk Canal No. 3) will be led off ^to the northern side of Luck- 
now to meet the " Main Branch Canal No. 2" or the " Main Trunk Canal 
Na 2,'* such a weir and canal being required to convey a large portion of 
the G(^ra water over tiie Goomtee river to assist in irrigating the lands 
west of that stream, the area between the Gogm and the Goomtee being 
insufficient in extent to utilize the whole of the Gogra water. 

Frcfln near MuUarpoor, a main trunk channel ( Main Trunk Canal 
No. 4 ) will be taken of!^ from " Main Trunk Canal No. 3 *^ and will be 
carried parallel with Gogra to the mouth of that river, from which chan- 
nel the land between the Goomtee aixd the Gogra will be irrigated. 

A connecting channel (Main Trunk Canal No. 1 continuation) will 
be carried from the '^Main Trunk Canal No. 1" past Benares to the end 
of the " Main Trunk Canal No, 4," at tiie mouth of the Gogra, to accom- 
modate and connect the very populous tract lying along the north bank 
of the Ganges with the great cities of Allahabad, Benares and Ghazee-* 
poor, &c., and^ by a connexion with Behar or Soane lines of navigation, 
with Calcutta. 
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The Cawnpore Branch, or Division of the " Main Trunk Canal No. 1/' 
I e., " Main Branch Canal No. 1," or " Main Trunk Canal No. 1," may be 
carried across the Ganges by an aqueduct at Cawnpore and be continued 
(Main Trunk Canal No. 5) to Allahabad without interfering with thd 
Ganges Canal, except that the latter work would, of course, be connected 
with, and the navigation be continued along, such " Main Trunk Canal 
No. 5" to Allahabad, &a The adoption of this last described work ha« 
not been definitely determined upon, but if, after further investigation, it 
is, as in all probability will be the case, considered advantageous, it will be 
adopted, and a portion of the water conveyed by it will be made available 
for irrigation between Cawnpore and Allahabad, whilst the aqueduct 
across the Jumna at Allahabad (before referred to) to connect the Canal 
with the Behar or Soane system of works will render the communication 
with Calcutta complete. 

It is also proposed to lead off a channel ( Main Trunk Canal No. 6) 
from the eastern side of the anient, below Mullarpore, and to carry 
it past the towns of Baraich, Goruckpoor and Muzufferpoor (in Tirhoot), 
to the Ganges opposite to Monghyr. This Main Trunk Canal No, 6 will, 
for most of its length, be carried on watersheds, and will cross compara^ 
tively little drainage* It will open up a very large tract of the finest 
country, and when connected with the aqueduct projected for construction 
across the Ganges at Monghyr, as part of the Behar or Soane scheme of 
works, will bring the whole of that tract into direct communication, by the 
Behar line of Canal, with Calcutta, and will also thus be the means where- 
by a vast amount of additional traffic will be introduced upon the last 
mentioned line of Canal. The cost of aqueduct now referred to should, like 
that of the similar work at Allahabad, be borne by the two schemes equally. 

The "Main Trunk Canal No. 4" will also be continued (Main 
Trunk Canal No. 4 extension) along the north side of the Ganges, and 
be made to fall into the " Main Trunk Canal No. 6" either some miles 
above its termination, opposite to Monghyr, or close to that termination. 
This, it is believed, will be a very inexpensive, but beneficial Canal, and 
will greatly increase the traffic on the other lines. 

From each of the Main Trunk and Main Branch Canals, before des- 
cribed, there will be taken off minor branch channels in every direction, 
necessary to irrigate the whole of the lands commanded, many of which 
minor channels will be so constructed as to form connecting and interior 
lines of navigation. 

The leading points in the project, of which the foregoing is a general 
outline, may be said to be a total absence of engineering difficulties, and 
of special works requiring in themselves a large or disproportionate out- 
lay, and also unusual natural facilities for carrying it out. It is, in truth, 
an eminently practicable undertaking, possessing special points of recom- 
mendation, of which the extraordinary supply of water in the dry season, 
three times that of the Ganges at Hurdwar, is one, and the peculiar 
adaptability of climate for European residence possessed by the locality is 
another. It is, indeed, patent that nothing but works of the nature now 
proposed, connected with Behar and Calcutta, are wanting to produce a 
very rapid development. 
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It Las not escaped notice that parts of the scheme now outlined will 
probably make less direct returns than others, but it has been likewise felt 
that those parts cannot be omitted without materially affecting the returns 
to be derived from the whole scheme, and of reducing its public utility, 
as every individual portion of navigation will greatly affect the general 
use of the whole system of Canals ; and so, with respect to the irrigation 
proposed, for wherever a weir may be constructed, it would be manifestly 
false economy not to distribute every drop of the water of which that 
structure will give the command. 

It is necessary, though a repetition, to state, in conclusion, that the 
desired and proposed connexion between the scheme of works now under 
review, and that planned from the Soane river, is essential for the Pro- 
vince of Oudh, and will materially benefit the Soane project; and fiirther, 
that without such connexion both schemes of works will be undeveloped 
and injuriously effected, whilst great public benefits will be withheld. 
The Directors of this Company are therefore fully justified in viewing that 
connexion as an essential element of their own success, and as pre-emmi- 
nently desirable, on public groimds, and they submit respectfully that to 
effect that object with economy and efficiency, it is necessary that the de- 
tails of both schemes should be prepared simultaneously and under the 
same professional Superintendent, 






APPEN 



PROVINCE 

TABLE 

ClaeBifioalAon of 







LvGEKow Division. 


Ehtbabid Divmov. 


CLABsmoMnom m Lauds. 


Lucknow. 


Oonao. 


Bara- 

bunkee. 


Seetopoor. 


Hurdui. 


Kheree. 


A. Total area 


Acres. 
890,629 


Acres. 
863,480 


Acres. 
823,012 


Acres. 
1,419,031 


Acres. 
1,467,114 


Acres. 
1.868,980 


a xs.^^jjarren ••« *■• ••■ ••• ••• 

(.0, — Besidae cnltiyable 


199,051 
691,578 


190,697 
672,783 


139,600 
683,412 


210,845 
1,208,186 


202,406 
1,264,709 


185,480 
1,678,450 


0.. 


CD. — Jagheer, or not paying reyenue 

E.— CidtiTable, not cultivated 

F. — Fallows of one year 

[a.-Cropofoneyear ... \^^^, ;;; 


41,918 
199,978 

25,467 
265,371 

158,844 


14,504 
205,820 

47,798 
225,274 
179,387 


44,152 

97,730 

9,153 

372,863 

159,514 


7,753 

284,139 

93,406 

406,891 

415,997 


67,991 
352,167 

84,783 
465,179 
344,589 


856,829 
655,487 
71,865 
806,054 
888,415 


Total 


424,215 


404,661 


632,377 


822,888 


809,768 


694.469 




H.-Bar«iee, or not irrigated j ^^ •;; 

Totol 
CnUivated irrigated. 

T Ti«^.^»iLi CBubbee ... 
L-By canal iXhnrreef ... 

Total 
J.-Byjhed.ortank., ... {^^fZ 

Total 

T n. .4-<k.»«. CBubbee 
J.-.By streams iKhurreef ... 

Totol 
J.-By wells. j j^,,^^ '[] 

Totol 
I A J.-Totol irrigated ... {^^ ;;; 


120,161 
112,650 


104,109 
118,699 


233,840 
149,770 


253,048 
392,981 


260,284 
292,241 


228,978 
874,867 




232,811 


222,808 


383,610 


646,029 


662,526 


608,835 




••• 

••• 


... 


• • • 

• • • 


• t ■ 
■ • • 


... 
... 


... 
... 




... 


... 


■ • • 


• ■ • 


... 


... 


G.< 


94,643 
25,874 


30,255 
23,250 


86,606 
6,043 


104,561 

• • • 


96,666 
16,482 


28,384 
2,616 




120,517 


63,506 


92,548 


104,661 


112,048 


25,850 




9,684 
4,024 


11,710 
9,658 


2,666 

• • • 


6,749 

■ • • 


18,490 
8,006 


9,834 

ft • ■ 




13,708 

1 


21,368 


2,666 


6,749 


21,496 


9,334 




40,888 
16,296 


79,200 
27,780 


49,853 
3,701 


42,533 
23,016 


89,839 
83,860 


44,408 
11,642 




67,179 


106,980 


63,654 


66,649 


123,699 


65,960 


■ 


145,210 
46,194 


121,166 
60,688 


1,39,023 
9,744 


163,843 
23,016 


204,895 
62,348 


77,076 
14,058 


Total 


191,404 


181,863 


148,767 

1 


176,869 


267,243 


91,134 


Population [b^ !!! 


No. 

804,072 
697,647 


Ko. 

25,983 
676,741 


Ko. 

70,282 
781,506 


No. 

73,646 
737,740 


Ko. 

94,480 
860,809 


Ko. 

51,185 
570,894 




Total 


1,001,619 


701,724 


861,788 


;811,286 


945,289 


622,079 

1 



Abstract of areas 



« Baranee ... 

Oanal 

Other irrigation 
Total crop 
Fallow 



•«. 



••f 



t.i 



••• 



•t« 



SUPIBINTSNDIHO EnGIKBBB's 0F7ICB, 

Lueknow 7th March, 1870. 



1 



Acres* 
2,002,558 
1,68,149 
1,993,980 



4,154,687 



M« 



Total ... 



WXJ. 



OF OUDH. 

L 

Lamix and Crops for the year 1868-69. 



%n aeree. 



Kauvasn* 


Total. 


Aofos* 


Acres. 


2^99,801 


4,602,859 


61,808 


219,957 


846,198 


2,840,128 



8,607,807 



OnltiTated. 



7>662,444 
624,858 



8,186,802 



FrzABAD Bivmov. 


Roy Babvuxt Divibiov. 




J^ynbecL 


G-ondah. 


Bantich. 


Boj Bareillj. 


Sultanpoor. 


Feriabgurh. 


Total. 


Acra. 
1,402,749 


AcreB. 
1,717,120 


Acres. 
1,451,048 


Acres. 
861,927 


Acres. 
1,004,843 


Acres. 
1,103,144 


Acres. 

14,958,027 


407,389 
1,065,860 


171,712 
1,545,408 


166,579 
1,284,469 


201,744 
660,183 


307,246 
697,597 


458,277 
644,867 


2,841,025 
12,117,002 


29,258 

286,174 

9,647 

621,558 

288,728 


152,495 
248,166 
114,474 
406,323 
623,950 


18,055 
500,412 

74,758 
402,793 
288,451 


29,267 

202,797 

5,988 

202,252 

219,884 


24,084 

180,190 

4,900 

249,296 

239,127 


13,962 

67,072 

32,124 

330,783 

200,926 


800,068 
3,180,132 

624,358 
4,154,687 
3,507,807 


810,281 


1,030,273 


691,244 


422,136 


488.423 


531,709 


7,662,444 


148,198 
208,768 


181,584 
469,409 


365,774 
286,917 


37,625 

75,887 


48,023 
57,814 


75,934 
60,308 


2,002,558 
2,599,801 


851,966 


600,998 


652,691 


113,512 


105,837 


136,242 


4,602,859 


•• • 
•• • 


• •• 

• «• 


• • • 

• • • 


■ • • 


. • t 


158,149 
61.808 


158,149 
61,808 


••• 


• ■ • 


t « ■ 


• • • 


■ ■ • 


219,957 


219,957 


218,297 
41,857 


137,369 

• •• 


26,764 
228 


68,881 
92,399 


32,590 
164,761 


85,695 
71,807 


1,006,460 
444,212 


260,154 


187,369 


26,987 


161,280 


197,351 


157,502 


1,449,672 


9,449 
1,728 


i'47,852 


••• 
• • • 


1,000 
1,500 


4,101 

• • • 


11,005 
7,008 


84,187 
174,766 


11,172 


147,852 


• • • 


2,500 


4^101 


18,008 


258,958 


160,614 
86,875 


137,370 
6,689 


10,255 
1,311 


94,746 
50,098 


164,582 
16,552 


« • • 
• • • 


904,288 
227,220 


186,989 


144,059 


11,566 


144,844 


181,134 


• ■ • 


1,131,508 


878,860 
79,955 


274,739 
154,541 


37,019 
1,534 


164,627 
148,997 


201,271 
181,313 


254,849 
140,618 


2,152,079 
908,006 


468,815 


429,280 


88,553 


808,624 


882.586 


895,467 


8,060,085 


64,900 
1,868,672 


No. 

61,308 
1,104,051 


No. 

18,889 
770,547 


No. 

17,578 
765,044 


No. 

83,872 
899,900 


No. 

8,758 
937,707 


No. 

819,798 
10,160,158 


1,488,572 


1,166,359 


789,436 


782,617 


933,772 


941,465 


10,979,956 



J. G. FOKBES, Captain, £, E., 
Offg, 8updg, Eng,, Sardak Canal, Oudh. 
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AFFENSIX J.— (CoBKiMMd.) 



BaieUly, 








Unltnown. 










» 


Hordui, 


U,67,1U 


8,09,768 


2,02,405 


12,64,709 


Oonao, 


8,63,480 


4,04,661 


1,90,697 


6,72,783 


Roy Bareilly, 


8,61,927 


4,22,136 


2,01,744 


6,60,183 


Pertalgnri 


11,03,144 


5,31,709 


4,58,277 


6,44,867 


Lucksow, 


8,00,629 


4,24.215 


1,99,051 


6,91,578 


Saltanpoor, 


10,04,843 


4,88,423 


3,07,246 


6,97,597 


Kberee, 


18,63,930 


6,94,409 


1,85,480 


16,78,450 


Seetapoor, 


14,19,031 


8,22,888 


2,10,845 


12,08,186 


Baiabiinkee, 


8,23,012 


5,32,377 


1,39,600 


6,83,412 


Fyaibad, 


14.92,749 


8,10,281 


4,07,389 


10,85,360 



APPENDIX K. 
Expenditure on the Sardali Canals from 1867-68, to 1st September 1870. 



Canal Chowkies, . . 



Bench Marks^ 



■ • • • 



Wells, 



Tools and Plant, . . 



Purcliase and keep of Elephants,. . 



Clearing jungle, lock spitting, &c.^ 



Taking Discharges, • . 



Survey Establishments, 



Cost of providing supplies for survey establishment, 



S Survey Contingencies, and D&k Bunners^ 



Salaries of Establishment, . . 



• • • • 



Travelling Allowances, 



Contingencies^ 



• • • • 



Total, Rs .. 



Expenditure 

up to Slst March 

1870. 



Expenditure from 
Slst March 1870 
up to Ist Septem- 
ber 1870. 



• • • • • • 



•• •• •• •• •• •• 



t • • • 



•• •• •■ ■• •• 



12,299 



2,356 



2,727 



5,430 



8,365 



7,387 



41 



4,840 



945 



674 



1,03,341 



13,739 



2,967 



1,65,011 



Total 



96 



231 



986 



69 



874 



920 



30,500 



4,254 



1,417 



39,347 



12,299 



2,452 



2,727 



5,661 



9,351 



7,456 



41 



6,714 



946 



1,494 



1,33,841 



17,993 



4,384 



2,04,358 



i 



APPENDIX L. 



SARDAH CANAL. 



General Report hy Captain J. G. Forbes, H. JE., Superintendent of Irriga- 
tion Works, Oudh, on a Proposed Canal for the Irrigation of Oudh, and 
a portion of the North- Western Provinces — da;ted 10th February 1869. 

In a memorandum on irrigation in Oudh, dated 29th June 1867, the 
Chief Commissioner, Mr. Strachey, stated that the portion of the pro- 
vince most urgently requiring canal irrigation was situated to the north- 
west of an imaginary line running from the Ganges at Cawnpore to the 
Gogra, at Fyzabad. The tract of country to the south-east of this line, 
owing to the proximity to the surface of the level of springs, and its fitci- 
lities for the construction of wells, was not in such pressing need of canal 
water. With the view of irrigating this portion of Oudh, as well as the 
ground lying east of the river Deoha, in Rohilkund, Mr. Strachey sug- 
gested the advisability of taking out a canal from the Sardah near Burm 
Deo, where the river emerges from the hills. 

2. This scheme had been previously examined to a certain extent 
by Lieutenant ( now Lieutenant-Colonel ) Anderson, of the Madras Engi- 
neers, in the cold season of 1856-57. The intervention of the Mutiny had, 
however, led to the loss of nearly all the papers and field-books connected 
with the levels taken ; but, fortunately, Colonel Anderson was able to 
preserve his diary, containing many valuable notes and suggestions regard- 
ing irrigation in Oudh ( an abstract of which is given in Appendix A. ), 
together with sufficient data from which to construct a longitudinal section, 
showing levels approximately near to the water-shed of the Doab between 
the Gogra and Goomtee from Burm Deo to Fyzabad. 

3. In January 1868, Messrs. Henslowe and Froude, Assistant En- 
gineers, were appointed to assist me in preparing a project for the irriga- 
tion of the country alluded to in paragraph 1. Levelling was commenced 
in February, and the amount of field work done during last season is shown 
in Appendix B. By the latter end of July 1868 sufficient information 
had been collected to enable a rough outline of the proposed scheme to be 
submitted to the Inspector General of Irrigation Works. 

Subsequently, it was determined that the benefits of hrigation should 
be extended beyond the limits of Oudh and Rohilkund to the districts of 
Azimghur and Jounpoor ; and eventually, in September last, I was ordered 
to take up the question of irrigating the Benares and Ghazeepoor districts 
also, or the entire doab between the Gogra and Ganges from Futtehgurh 
to near the junction of the Soane with the latter river ; and the northern 
doab between the rivers Gurha or Deoha and Sardah, a total area of up- 
wards of 20,000 square miles ; the details, regarding the natural features, 
resources, &;c., of which will be found in Appendix C, which is an abstract 
of the answers furnished me by the Deputy Commissioners and Collectors 
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of districts to the questions enumerated in appendix. The staff of officers 
in the Irrigation Department of Oudh was also increased by the appoint- 
ment of Messrs. Heaford and Handcock, Executive Engineers, and Mr. 
Clarke, Assistant Engineer. 

4. On the 12th February 1868, I arrived at Burm Deo, which, on 
reference to Appendix A., will be seen to be the spot which Colonel 
Anderson recommended as the proper situation for the head of a canal 
from the Sardah. The only other site that he mentions, as being favour- 
ably situated for the above purpose is at Naik-ka-Goth, a small village, 
three miles below Burm Deo ; but he enters into reasons for preferring the 
upper position, and concludes with a strong recommendation of Burm Deo. 
He alludes, however, to Bunbassa ( 9 mUes below Burm Deo ) being a 
good site, and states that " it would be quite practicable to open a canal 
from this point if a line higher up was unsuitable." 

5. After carefully examining the river and taking levels for com- 
parison with those taken by Colonel Anderson in 1857, I am confident 
that a canal from the Sardah, taken from either Burm Deo or Naik-ka-Goth, 
would be extremely expensive on account of the very many masonry works 
which would be required to overcome the excessively steep slope of the 
country, and to pass the canal across the many intervening torrents and 
streams ; and that the advantages of taking the canal from either of the 
above sites, which undoubtedly are most favourable in some respects, viz., 
stability of stream and the proximity of building materials, &c., are not 
counterbalanced by the great disadvantage they labour under in being 
situated, respectively 200 and 160 feet above the highest point, Soorae 
(vide paragraph 8 ), where it is required to deliver water for the irrigation 
of Oudh and a portion of the North- Western Provinces. This opinion will, 
I think, also be coincided with by Colonel Anderson, now that a more 
complete series of levels have been taken of the country to be irrigated 
than was able to be finished in 1857. 

6. Having come to the above conclusion, it was necessary to examine 
the river lower down in order to determine the proper position for a 
canal head. Below Naik-ka-Goth, the Sardah splits into several branches, 
which rejoin in one stream at Bunbassa, where, however, the river again 
immediately ramifies into numberless channels which do not re-unite until 
they get to Moondeea Ghd,t, 1 3 miles lower down. 

The two sites then, Bunbassa and Moondeea Ghdt, where the ever- 
shifting stream had for very many years remained tolerably stable in one 
channel, would naturally be the best spots for examination. 

7. To save time and labour in connecting and comparing the levels 
taken last year with those taken previously by Colonel Anderson, I have 
accepted the datum as fixed by him, which is 90*30 feet above a permanent 
bench-mark at Burm Deo, or 100 feet above the mean cold- weather sup- 
ply level of the Sardah at the spot where it issues out of the rocky defile 
above Burm Deo. 

8. Turning to sheet No. 2, and sketch map of upper portion of Canal, 
on which are entered a few of the levels taken last year, it will be observed 
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that the reduced level of Soorae ( at the head of the great Mala swamp ), 
which is the point from which all the water-sheds between the Gogra and 
Ganges radiate, and the key to the whole country requiring to be irrigated, 
is 302. 

The reduced level of water surface ( during the cold weather ) in the 
river at Bunbassa, 16 miles above Soorae, is 241, or 61 feet above the 
highest spot to be irrigated ; whilst the reduced level of Moondeea Ghdt, 
which is 8 miles east, or at right angles to the main line of water-shed 
below Soorae, is 376, or 74 feet below the spot where the proposed head 
of irrigation is situated. Bearing in mind that between Bunbassa and 
Burm Deo, the objections I urged in paragraph 5 against having the head 
either at Burm Deo or Naik-ka-Goth still held good, the above facts 
showed that the search for a canal head must be made at Bunbassa, or a 
few miles below it ; for lower than Moondeea Ghdt the levels prove that 
a suitable position for a canal head cannot be found if the irrigation of the 
thirsty lands of Rohilkund, east of the Deoha, is to be accomplished. 

9. I accordingly levelled down from Burm Deo to Bunbassa, along 
the high road to Chandnee, so as to avoid the great delay that would have 
been caused by cutting my way through the dense jungle at the foot of 
the hills, had I followed the course of the river ; but from Bunbassa for a 
distance of 12 miles down the right bank of the Sardah (the left bank 
being in Nipdlese territory ), a careful series of levels, following the wind- 
ings of the stream, were taken by Mr. Froude and myself. Other trial 
lines down and across tke different torrents, and a longitudinal series to 
Soorae ( connecting with Colonel Anderson's levels, with a difference of 
'03 in a circle of 60 miles) were also taken by us, as shown in sheet No. 5. 

10. Bunbassa, itself, appeared to me an admirable position for a 
cwMidered. canal head. The main stream of the river, upwards of 500 feet in width, 

with an average depth of nearly 5 feet, and with a measured (1st March 
1868) discharge of nearly 5,900 cubic feet per second, here impinges on, 
and for a short distance runs close to, the foot of the Bangur, which at 
this spot is a perpendic\ilar cliff of boulders and shingle, 30 feet above the 
cold weather level of the Sardah, and 20 feet above the highest floods. 
The main stream of the river . has from time immemorial remained in this 
channel, and for upwards of 10 years in this one channel only; but last 
year a small stream had broken out from the main channel of the river, a 
short distance above the site of the Bunbassa ferry, and rejoined the main 
branch a mile or two lower down. This small stream being entirely in the 
Nipdlese terriory, I was unable to survey its course, or take accurate mea- 
surements of its discharge ; however, from observations I made, I estimate 
it discharges 370 or 400 cubic feet per second — ^an estimate which I think, 
can be relied on as a close approximation. 

This year, the requisite permission having been obtained from the 
Nipdl Government, this small stream has been surveyed, and its discharge 
measured. It appears to have increased since last year, as at present 
there is about 900 cubic feet per second passing down. The levels, how- 
ever, show that there need be no fear as yet of the main stream taking to 
this small channel. 



Bunbaaea, as canal head 
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11. There will not be any difficulty in closing this small branch and 
forcing its supply down the main stream below Bunbassa, where the river 
may then be considered to be in one permanent channel — ^a considerable 
advantage in favour of a canal head at the spot. 

■ 

Another advantage in fixing the canal head here would be the proxi- 
mity of Bunbassa to the sites of our lime and stone quarries. For, at 
Burm Deo, there is a sand-stone of a sufficiently compact description 
to be used in the works; within a few miles of Burm Deo lime is pro- 
curable, and I have Httle doubt but what a more prolonged search than 
I was able to make last year will enable us to find a good hard lime-stone. 
A tramway of only ten miles in length from Burm Deo would suffice to 
bring these materials and the large paving boulders from the river at a 
reasonable cost to Bunbassa, where also the smaller boulders in the bed of 
the river could be utilized to a very great extent in building. At Bun- 
bassa there are a few boulders up to 1 '5 feet in diameter, but the generality 
of the stones met with are only 6 inches to 9 inches. Limestone boulders 
I did not observe anywhere on the river, although I searched for them 
and offisred rewards for their procural. 

A third advantage in choosing Bunbassa for the head of a navigable 
canal would be its nearness to Burm Deo, one of the chief markets for 
hill produce ; for here, annually in the cold weather, large nimibers of hill- 
men, Thibetans and Nipdlese bring down their supplies of borax, wool, &c., 
either for sale, or in barter for sugar, and other products of India. A trade 
of some magnitude (mde Appendix D.) therefore, springs up, which un- 
doubtedly would be considerably increased if a cheap means of transport was 
afforded to merchants for the carriage of their goods to and from Burm Deo. 
The tramway used for the conveyance of materials during the construction 
of the canal might, on the completion of the works, be utilized in bring- 
ing down merchandize and goods from Burm Deo to Bunbassa, from 
whence they might be boated down the canal, 

12. Leaving out of consideration the fact of the, perhaps, too close 
contiguity of Bunbassa to the Nipd.lese boundary, as an objection which 
applies equally to any possible site that could be chosen on the river 
Sardah for a canal head, the disadvantages of Bunbassa are, — 

l$t. — ^The great height, 61 feet, of the position above the spot where 
water is required to be delivered (viz., Soorae), or 99 feet above Mina Kote, 
which will entail many and expensive masonry falls, vide section sheet 
No. 3. 

2nd. — ^The passage of the Jugboora and Suneea torrents, the former 
requirmg an aqueduct of 10 spans of 50 feet each, and the latter 3 of 30 
feet. 

drd. — ^The extreme unhealthiness of Bunbassa. 

13. These reasons induced me to look for the site of canal head 
lower than Bunbassa, and I accordingly fixed upon the village of Nuglah, 
8 miles below Bunbassa, and just below the junction of the Suneea Nuddee, 
the last of the affluents of the Sardah on its right bank, as a possible suit- 
able situation. The line of levels down the river (sheet No. 4) show that 



Sunb(U9a. 
Adyantage I. 



Advantage II. 



AdTantage III. 



BuHb<U9a oi head, 
Duadyantage I. 



Disadyantage II. 



Diiadyantagd III. 
Nufflah as canal head. 



Hufflai, 
AdTantage I. 



AdTtntage II. 
DisadTantage I. 
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thd water surface level at this point is 333 or 31 feet helow Soorae. But 
by leading out a canal from this spot with a slope of 1 in 10,000 ( D=i 
7 '11 4. V=274), we find that the bed runs out to the surface close to 
Mina Kote, a small village about 12 miles below Soorae, but above the 
sources of the rivers Goomtee and Sye, and thus commanding the whole 
of the doab in Oudh, between the Ganges and Gogra, and the portion of 
Rohilkimd to the east of the Kunhout Nuddee. The irrigation of the 
greater part of Bohilkund between the Kunhout Nuddee and the river 
Deoha can also be provided for by leading out a branch from the main 
canal near Mina Kote, crossing the Kunhout by an aqueduct, or else by 
leading out a branch direct from the point where the canal enters the 
Bangur ( vide sheet No. 5 ) above the head of the Mala swamp, along the 
true water-shed of the Pillibheet and Shahjehanpoor doab. The cost of 
this latter scheme will, however, be heavy on account of the deep digging 
at the head, and irrigation will not commence much above Aunwurrea, — 

■ 

a village about 6 miles north-east of Pillibheet. 

14. By taking out the main canal from the river at Nuglah, we 
avoid the disadvantages attaching to Bunbassa, viz., the cost of masonry 
falls, and two aqueducts across the Jugboora and Sunnea, and the extreme 
unhealthiness of the upper site ; and only lose about 72 square miles of 
irrigation, which might possibly be obtained between Soorae and Aunwur* 
rea, which irrigation, especially as the ground is now covered wilh dense 
jungle, not likely to be cleared for very many years, is a point scarcely 
worth mentioning ; and when irrigation is required, it can be provided 
from the Kukra Nuddee. As regards the healthiness of the, position, Nug- 
lah is decidedly better than Bunbassa ; for, from the Sunnea Nuddee to 
Burm Deo, the climate is so extremely unhealthy that even the fever- 
proof Tharoos will not live there between April and November, whereas 
from Mina Kote to- Nuglah, the same extreme unhealthiness does not pre- 
vail, the villages are not deserted during the hot season and rains, and 
instead of finding a population of nothing but Tharoos ; Passis, Lodhs, 
and other castes are met with. As cultivation extends, the climate gets 
healthier, and all accounts agree in stating tkeit it- certainly is more salu- 
brious now than it was ten years ago. 

15. In looking at the longitudinal section of the river, sheet No. 4, 
We find IJiat the slope from Burm Deo to Naik-ka-Goth is 14*80 feet per 
mile : from Naik-ka-Goth to Bunbassa 14*60 feet per mile ; from Bunbassa 
to the junction of Jugboora Nuddee it is 11^76 feet per mile> and from the 
Jugboora to ihe Sunnea Nuddee 10*55 feet per mile ; but from this spot, 
or where the proposed Nuglah head will be, the heavy slope . in the river 
ceases; for, from the Sunnea Nuddee to Mela Ghdt, the slope of the river 
suddenly decreases to 4*77 feet per mile, which fact alone would point to 
Nuglah as a most favourable site for a permanent dam across the river. 

16. On referring to thcl sketch map of the upper portion of the canal 
( facing page 7 ) and sheet No. 5, it will be observed that at Bunbassa the 
river Sardah divides into two main branches, which do not rejoin until 
they reach Moondeea Ghit. Between these two main branches there are 
numerous small channels which sub-divide the main island of Chandnee 
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Choke into a great uamber of smaller islands^ the whole of which are 
covered with a dense growth of Khyr trees. No dependence .can he placed 
on the river running in the same channel for two consecutive years^ but 
the tendency of the stream is evidently to desert its right ( or Nuglah ) 
branch, and to shift over entirely to the Dhukna Bagh, or left branch ; for^ 
80 years ago, the main streani ran down the. N.uglah branchy and at the 
very spot where. the proposed canal head will be, there, was a ferry with 
five boats. Year by year, since the above time, the supply down the N.ug- 
lah chann^ has been slowly but steadily decreasing, i^xtil now the .whole 
stream between Bunba^sa and Nuglah is fordable everywhere, the water 
not being, more than. a foot or two deep, and in many places disappearing 
entirely. 

17. Accepting Nuglah, therefore, as a suitable position for the canal ir^iaksoiMie tor cso&i 
head, in order to turn the water into the Nuglah Channel^ the, permanent ' and 
dam or weir across the main stream of the Sardah must still be built at aamT*****^* ^ P*™*°^* 
Bunbassa^ for the detailed surveys and levels which have been taken this 
year show unmistakeably that at -no other spot th£^ Bitnbassa . can a dam 
be built with any due regard to e^conomy, or witho\it risk of failure. ThesQ 
detailed surveys having only just been completed, and not yet mapped, 
at the present stage I capnot ent§r into any detailed Tenoning as to the 
minuticB wjbich have led.nie to the aboye opinion.; b,ijt l^e follo.wi|Lgbroa4 
facts ,a^e pfitent : 

1st. — ^That in the whole distance of 25 miles, from Moondeea Ghdt to. 
Burm Deo, Bunbassa is the soUtary situation where the river 
Sardah has ever remained fixed and unchansfcable in one main 
channel. 

2nd. — ^ThA't tha width ofthe stream ai^Bmnbassa,: confined as it as, on one 
bank by the high land of the bangur, and by the rapidly sloping 
ground on its other bank in Nipdl, reduces tha length of the dam^ 
audits cost, therefore. ( ithe depth of the river in^ the cold weather 
being only 5 feet ), together with the protective .wi>]J2:s that may hayc^ 

to be.COnstructed, to a Tninimnmrt. 

3rd. — ^That if a dam is constructed ^ across the river anywhBre lower than 
Bunbassa, on account of the rapid widening out of the stream into 
numerous channels and the .receding of the bangur, and the higlv 
ground in Nipdlfrom either bank of the river, the length o^ the nft-x 
merous dams and protective bunds, &c., will be very great, : upwards.- 
of three miles, instead o^ 1,200,^ or il,50i3 feet,, as. at:Buiibi9«a. 

Ath. — ^That, if the dam is constructed louver than Bunbassa, not pnly will' 
the cost be greater on account of the., enormous differe^ice in the 
length, &c., but the risk of failure will be much., enhanced by the. 
probability of a change in the course of the main stream of the 
river, (some distance above the dam, which would-be built jacrofls the 
present main channel,) and the possibility of its suddenly taking to* 
one of the present minor channels, across which only a small perma- 
nent work, or even an earthen dam might be built, which would then 
inevitably be breached. 
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5th. — ^That to prevent the aboye contingency occurring, the whole of the 
dam, protective works, and the river for some considerable distance 
upwards, wiU have to be most carefully watched during the rainy 
season, or the very time when the climate is so deadly ; and 

• 

6th. — ^That the entire dam, protective works, &c., wo\ild have to be built iui 
Nipilese territory. 

18. Coming, now, to the question of the comparative cost of a canals 
taking out from the Sardah at Naglah, and of a canal taking out direct 
from the river at Bunbassa, instead of utilizing the present Nuglah branch' 
as a supply channel as faT as Nuglah, we find that, on comparing the cost 
of either scheme as far as Mina Kote, the proposed head \)f irrigation, the 
difference is in favour -of the Nuglah head 

On sheet No. 5,«the position of these two lines of /canal are. marked, 
dpwn ; sheets Nps.^3 and .4 show the sections alpijg tl;^e proposed lines... 

Taking first the Bunbassa, or alternative lifle, we hUve, as the approxi- 
mative estimate for a canal discharging 7,114 cubic fee^t.per second, with 
a^mean velocity not exceeding 3 feet per second, which, with 10 feet depth 
of water in channel, wijl givfi a bqttom .^dth pf_245 .feet, the fqllowing^ 
result^ viz. : — 

Qost of dkm jiixd head-Wprkd at Bunbassa \ •••. •», . ••• . 5,50,000 
'' nine (10 feet ) falls between Bunbassa and 

MinaKote *.... .•.., •.. , ... . ... 9,00,00 

J[)jgboora -Aqueduct .i^.. . ... . .t^. . .... . ..... 8,00,000 . 

Sunneea Do. ... ... , .t^.. •.-.•. ••.• . 1,80,00 

325,000,000 cubic feet earth-work, @ Es. 8 per 1,000 26,00,000 

433,000,000* cuW^ feet eactiii-work, @ Us. 6 per^ 1,000 # 25^98,000 
8,000,000 cubic. feet concrete oor<Q in emb9!^kmeq,ts, @ r 

Ra&per 100 ... . .... ..^ ..... ...» . 4,00,000 • 

Seven ( doubk-atpriedj cha^kfe @Jls. 6,Q0O ..^ . 42,000 

Tptal; 

For the Nuglah line — 

Cost of dam and reguktiilg bridge at Bunbftpsa ; 

Jjjgboora waste-weir- 

Supply CSiannel 

Nuglah dam and regulatinig bridge 

470>597,150 cubjiftfpeit earth-work, @ Esi 10 per 1,000 

53,462^800 „, „ „ ® „ 8 " 1,000 <. 

7,944, 60.Q ,jL,/ cpjicretp cojre yiembawlon 

@Rs. 5 per 1,000 ... 
G9ippk$r aqueduct 
Four (donJ)l9-»toried)^chaukis, @ Rs» 6,000 

Total 71,70,000. 



... 



• . . ... 



80,70,000 


4 

5,00,000 • 


1,00,000 


5,00,000 


4,00,000 - 


}00 47,05,970 


000 <. 4,27,694., 


3,97,a30 , 


1,15,106 


24,000 . 
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This OBtimate^ it will be obserred^ is not a detailed one, bat is Suffi-: 
dent to show the relative difference in approximate cost between the two 
possible lines of canal. 

19. The solitary advantage that the alternative or Bunbassa line pos- SoieadTantage to be gam- 
sesses over the Nullah line, is the possibility of enablingc a channel to be 
carried to PiUibhlt for na^gaJo, ..d for th, irripttion of the 72 
square miles of country referred to in paragraph 14. 

On the other hand, by adopting the Nuglah line, the construction of saving of time on NngUh 
ihe nine falls required to overcome the slope of the country on the altema^ ^ ^^ 
tive line is not required, and in their place only the regulating bridge and 
dam at Nuglah, and the waste weir for the Jugboora will have to be built, 
the materials for which, viz., boulders from the river bed, are actually on 
the spot, instead of having to be carried 4 or 5 miles to the site of the 
works, as would be the case on the Bunbassa line. Only one half the time 
therefore will be required to build the masonry works on the Nuglah line 
to what will be necessary on the Bunbassa one. 

The section on sheet No. 4 shows that the canal on the Nuglah line 
enters the bangur with a heavy cutting of 40 feet, which does not run 
out for 12 miles. The detailed surveys made this year, however, show 
that it is possible to enter with a cutting of 35 or 36 feet only, which will 
materially lessen the amount of earth-work, and consequent cost of esti- 
mate shown in preoeding paragraph. A reference to the levels shown on 
sheet No. 5 will prove that this deep cutting cannot be avoided ; for there 
is no possibility, except by having very high and enormously expensive 
embankments, of creeping along the edge of the bangur, and then entering 
the high land with a m6derat6 diggiiig ; bilt the detailed map, when com- 
pleted, wiU sho^ this iilore clearly. 

'" The admission of the Jugboora and Simnea torreiitS' int<y the supply 
channel of the canal might, on the first glance, be thought disadvantageous. 
The Ibvels show, however, that without any extra coiatj, both these 
torrents may be utilized and turned to account ;tiie> Jugboora in dlUng up 
a large jhfl which exists between it and the Simnea Nuddee, and the 
Sunnea Nuddee in removing the accumulation of silt which will occur above 
the regulating bridge of the canal. Afber the Jugboora haa d^osited the 
greater part of its silt in the jhfl, which will take many years to fill up, 
the ^xtrar amount of water that enters the supply cha^nel will be passed 
away by a waste weir into an old channel which rejoins the Nuglah branch 
of the river below the site of canal head. 

: «• • » < 

c 

20. Without entering into any more detail, I irast sufficient has been 
said to prove that Nuglah is indubitably the proper position for the canal 
head, and Bunbassa the propier site fbi' the permanent da^ across the 
river. 

21v As regards the amount of water obtainable from the river supply of water in Swdifc. 
Sardah at Bunbassa, there are certain data to go upon, as gauges have 
been maintained for three years, both at that spot and at Burm Deo, dur- 
ing the months of minimum supply, and &om a comparison of these 
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gauges, and the discharges of the/iver taken by Lieutenant Anderson in 
1857, by Lieutenant Harrison in 1866-67, and by myself last year, the 
following facts are shown : — 

1st — That the river Sardah is at its absolute minimum annually in 
the month of March. 

2nd. — That the average daily supply passing down the river at 
Bunbassa is in, — 



February 
March 
April 
May 



• • • 



Cubic feet. 
6,808 per second 
6,113 
7,100 
8,171 



19 



ff 



ATa»|emiiimiumofthrw 3rd— That the lowest discharge in 1866 was on 20th March, when 

7M», 6,786 cubic feet, 1866- , ^ ' , 

67-68. it amounted to 5,809 cubic feet per second. In 1867, the lowest dis- 



lo Janimrj 1869, 4,000 

cubic feet. 



SnTOly lequired, 13,000 

ibicfee 



cable feet. 



Stmrwt of SuffUf. 

Supplementary to Sardah 
>t fiunbaaaa conndered. 



Qogia at Bjramghi^ 



charge was 5,600 cubic feet per second to 4th March. 

In 1868, the lowest discharge was 5,800 cubic feet per second on 
10th March. This year, however, there is barely 4,000 cubic feet per 
second passing down the river at Bunbassa at the present time (January ). 
Every account agrees, however, in stating that the river has never fallen 
so low before, and my ovni observations show that the spring surface level 
of water in wells on the high land within a few miles of the river is from 
4^ to 5 feet lower this year than last. The extreme lowness of the river 
may, therefore, I think, be fairly looked upon as entirely exceptional, 
especially when we take into consideration the exceptional nature of the 
present season, 

22. With reference to the proposed supply in canal, it will be seen 
further on ( paragraph 29 ) that the amount of water required to irrigate 
the Gogra-Gangetic doab is upwards ^of 13,000 cubic feet per second. 
Now, for many reasons, it is needless to take the whole of this amount, 
even if it was available, from the river at Bunbassa, and the object, there- 
fore, is to fix such a capacity for the canal-channel as to carry down the 
lowest sufficiency of water to irrigate the tract of country above the point 
where a new supplementary channel from another river, if necessary, 
would enable the increased supply thus obtained to provide for the irriga- 
tional wants of the country lower down. 

23. The supply for the Fyzabad, Benares, Azimghur, Jounpoor, 
and Ghazeepoor districts would therefore naturally be looked for from the 
river Gogra, either at or above Byramghit, leaving the remaining districts 
of Oudh and Rohilkund east of the river Deoba or Gurha to be provided 
for from the Sardah. 

Turning to the drainage map of the doab, sheet No. 2, it will be seen 
that the reduced level of the water surface of the river Gogra at Byram- 
ghdt is 614 ; the reduced level of the country near Fyzabad is 629 ; a canal 
therefore might easily be led in this direction to supply the district of 
Fyzabad and the portion of Azimghur, Jounpoor, and Ghazepoor, north 
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of the river Goomtee, south of which it would not be advisable to carry- the 
canal, as tiie levels show that the Goomtee, in this part of the country, near 
the Sultanpoor district, where the crossing would have to be, is 60 feet 
below the water-shed on either side ; and the Sye Nuddee, which runs at 
the bottom of a like deep channel, would also have to be crossed. A 
canal, therefore from Byramghd,t, which would commence irrigating a little 
below Kudowlie, in the Fyzabad district, must, if required also to irrigate 
Benares, be carried by heavy embankments at least 40 feet high across 
the valleys of the Goomtee and Sye, and be taken over the streams by 
lofty and expensive aqueducts. Admitting that it would be possible to 
lose level, so as to cross the Goomtee at a moderate height, yet the canal 
would enter the Sye-Goomtee doab with a cutting at least 30 feet deep, 
which would not run out under 40 miles, in which length it must be 
recollected there wo\ild not be any irrigation whatever. 

The cost, therefore, of both these schemes, together with the useless- 
ness of leading a channel 40 miles without any irrigation derivable from 
it, would at once prevent their being adopted. 

24. The same objections will on examination be found to apply to 
the execution of a canal from the Ganges, in addition to the fact that a 
line from this river would more directly cross all the drainages of the 
Sye-Ganges doab, and would, therefore interfere most materially with the 
irrigation that now exists, and which, to a great extent, ought to be main- 
tained from the jhlls and other sources of natural supply in the Roy 
Bareilly and Pertabgurh districts. 

25. The next source of supply for a canal would be the Goomtee, 
which perhaps might suffice for the wants of the Benares district ; but 
here again we are met with the above objections of deep cutting at a heavy 
cost, and a useless channel for 40 miles ; besides, in October last year, 
there was a supply of only 580 cubic feet per second passing down the 
river at Lucknow, whereas Benares requires upwards of 800 cubic feet. In 
the beginning of April, I measured a discharge of 1,100 cubic feet at Sul- 
tanpoor ; but this was exceptionally high, and probably about 800 cubic 
feet is the average discharge at that season, which amount, however, could 
not be abstracted without entirely stopping, for many months in each year, 
the navigation on the river between Sultanpoor and Jounpoor. 

« 

26. The only possible remaining source of supply would be the Sye 
Nuddee, which, in November last year, scarcely contained 30 cubic feet 
per second below Pertabgurh ; so a canal from this stream would be en- 
tirely out of the question. 

27. In order, therefore, to irrigate the Benares district in the most 
economical and efficient manner, it will be seen that we must revert to 
our original source of supply — ^the Sardah — for, by thus doing, the whole 
of the doab, between the Goomtee and the Ganges, will be provided with 
water on surface ; in no place will there be an expensive deep and useless 
cutting, as everywhere the canal will have command over the country, 
and by carrying the canal thus down the water-shed {vide sheets Nos. 1 
and 2), jhfls which are now used for irrigation will not be interfered with 
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to the slightest extent, but on the contrary, their usefnhiess will be 
increased a hundred-fold, especially in a year like the present, when more 
than three-fourths are, or were nearly dry, by being able to have their 
oft-times scanty supplies supplemented from the canal. All the zemindirs 
and others, with whom I have spoken, are keenly alive to the necessity of 
having a secure source &om whence to fill their tanks, so long as the 
channel which is to supply them does not interfere in any way with the 
natural drainages of the country which at present feed the jhfls. At the 
same time, the zemindars state that in ordinary seasons they will not take 
the water, as they can irrigate at less expense from their own jhfls and 
tanks. It remains, however, to be proved whether their assertion, as to not 
taking the water, is correct. In the irrigation for rabi crops from jhfls in 
the Hurdui, Oonao, Roy Bareilly, and Pertabgurh districts, oa an average 
at least two " lifts " are required to raise the water to the surface of the 
country, and from such data as I could gather, it appears that six men are 
required for the irrigation of an acre of land per crop. When zemind^ 
begin to find out that, with water delivered direct from the canal, only 
one, or at the most two, men are required, and that the labour thus set 
free wiU enable them to break up and cultivate more land than they can 
do at present, I think there is little doubt that they will avail themselves 
of the cheap and secure supply from the canal, and that the majority 
of the petty and insignificant jhfls now in use will be abandoned, the 
smaU ones only, however, for many of the larger ones, such as the Sandee 
jhfl in the Hurdui district, and some of the magnificent jhfls in Oonao, 
Roy Bareilly, and Pertabgurh, as affording auxiliaries to the system of 
canal irrigation, might well be taken over as imperial works. The second 
class jhfls irrigating from 200 to 300 acres each, might possibly be left in 
the hands of their present proprietors, but great improvements could be 
made to them, if placed, as they imdoubtedly wo\fld be, if their supply 
WM supplemented from the canal, under the supervision of canal officers. 

28. Anyhow, whether zeminddrs in the above districts take water 
or not in ordinary seasons, only a little more than 70 miles of channel will 
have to be dug to lead water from the tract now requiring irrigation 
( paragraph 1 ) to the thirsty lands in the Benares district. It must be 
remembered, too, that in this length of 70 miles direct irrigation is every- 
where available, and that the supplies of jhfls and tanks are rendered in- 
dependent of the season. Taking the above facts into consideration, I 
have no hesitation, therefore, in recommending that the supply for the 
Benares district sho\fld be derived from the Sardah, and led down the 
whole length of the Goomtee-Granges doab, a distance of 363 miles, or 
only 14 miles longer than the Ganges Canal from Hurdwar to Cawnpore. 

29. We come now to the question of the amount of water required 
to irrigate" ftom MinaKote to irrigate the country from Mina Kote to Ghazeepoor. Taking, as the 

standard of calculation, that one cubic foot per second is capable of irrigat- 
ing 296 acres, and that land is considered to be "highly irrigated," if one- 
third of the ground within influence of canal irrigation annually takes 
water, we may consider that one cubic foot per second suffices for the 
irrigational requirements of 888 acres ; or, in other words, that 073 cubic 
feet will give the required irrigation for one square mile of country. 



Quantity of water required 
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The above calculation is based on data supplied by the statistics of 
the Eastern Jumna and Ganges Canals ; but taking into consideration the 
fact that in Oudh and Rohilkund less water is required to bring crops to 
maturity than in the Gangetic doab (for instance, sugar-cane only takes 
three or four waterings in Rohilkund, whereas 10 or 11 are required in 
the doab between the Ganges and Jumna,) and that a considerable tract 
in the former province is covered with jhfls and tanks, I think it may 
safely be assmned that 0*67 cubic feet per second at the head of irrigation 
(not the head of canal) will be sufficient for the irrigation of one square 
mile of country. 

Calculating on this assumption, therefore, for the 19,000 square miles 
of country to be irrigated there would be required 12,730 cubic feet per 
second at the head of irrigation, and allowing for the amount lost by 
absorption, &c., between the head of canal and head of nrigation, and for 
the amount reqmred for navigation, canals discharging an aggregate of 
15,000 cubic feet per second would be required for the irrigation and 
navigation of the doab between the Gogra and the Ganges. 

30. The full amount of water thus required could be obtained by 
utilizing the supplies both of the Sardah and of the Gogra ; but recollect- 
ing that each cubic foot of water entering a canal represents a capital of 
Rs. 4,000, expended in prime cost of construction of works, canals with 
the above discharge would cost 600 lakhs of rupees. It is matter for 
serious consideration, therefore, how this amount can safely be reduced 
wittiout affecting the efficiency of supply. This, however, can fortunately 
be accomplished by " tateeling" main branches of the canal in the same 
way as is now done on the Etawah and Cawnpore divisions of the Ganges 
canal, down each of which the water runs in alternate weeks. Moreover, 
the conditions of the country to be irrigated in Oudh between Hurdui 
and Pertabgurh (where the main jhfls and tanks are situated) are much 
more favourable for this system of irrigation than the arid and parched 
tracts in Cawnpore and Etawah. 

31. Applying this system, therefore, to the branches which run 
down the Sye-Goomtee and Sye-Ganges doabs, we find that 3,750 cubic 
feet per second are required for the irrigation of the latter doab from 
Kusrawurh {vide sheet No. 1) to Benares; adding 350 for navigation, we 
have a total of 4,100 cubic feet as the supply of the Benares branch at 
its head at Kusrawurh. From this amount 3,100 cubic feet will be 
abstracted each alternate week for the supply of the Sye-Goomtee doab, 
leaving 1,000 cubic feet per second still passing on as a steady and 
unfluctuating supply for the dry lands in the Allahabad and Benares dis- 
tricts. Adding 10 per cent, as the loss due to evaporation and absorption 
to the amount supplied at the Kusrawurh branch head, we have as the 
total supply for the Sye-Goomtee and Sye-Ganges doabs the sum of 
4,500 cubic feet per second. On reference to sheet No. 2, it will be seen 
that 360 cubic feet per second is allotted to rajbuhas for the irrigation of 
the country between Mina Kote and Kusrawurh, and down to Shahabad. 
To this must be added 200 cubic feet per second for navigation and for the 
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supply of the cross line of navigation between Shahjehanpoor and the 
river Goomtee, which gives a total of 5,050 cubic feet per second at Mina 
Kote for the supply of the Lucknow and Benares branches of the canal. 

32. For the irrigation of the doab between the Kunhout Nuddee 
and the river Deoha or Gurha^ from Mina Kote vid Sohas to Shahjehanpoor, 
330 cubic feet per second is given. Hence we find that a grand total of 
5,390 cubic feet per second is required at Mina Kote for the irrigation of 
the country between the Deoha and Ganges on the one side, and the Goomtee 
on the other, the whole of which amount must be taken from the Sardah, 
if the reasons given in paragraphs 23 to 28, are considered valid. 

Supply ixirafflcient for 33. As regards the provision of water for the Goomtee-Gogra doab, 

it IS evident that, if the above amount of 5,390 cubic feet per second is 
taken from the Sardah at Bunbassa, the remaining supply in the cold 
season ( paragraph 21 ) will not be sufficient for the requirements of the 
country from Mina Kote to Fyzabad and Ghazeepoor ; recourse must, 

Proposal for sappiement- therefore, be had to a supplementary channel. On reference to sheet 

No. 2, it will be seen that I have drawn two possible lines where the levels 
of the ground show that a new channel could join the canal which runs 
down the water-shed. The first of these lines takes out from the Sardah 
near Mujgaen, the idea being that, by placing a dam across the main 
stream at this point, the supply might be turned down the channel that runs 
north of Lukhimpoor Kheree, from whence it might be diverted by another 
dam across the Ool Nuddee, and entering the high land of the doab be- 
tween Lukhimpoor and Lahurpoor, would join the main canal above the 
^ head of the Barabunkee branch. If this scheme was not feasible, then 

the supplementary channel from the Koreallie, which has a minimum 
discharge of 13,000 cubic feet {vide Appendix A.) was the only remaining 
method of getting the needful supply ; but the cost of this channel would 
evidently be very expensive, on account of the numerous drainages which 
it would have to cross between its head and its entrance into the Bangur. 
The only map that existed of the tract of country between Lukhimpoor 
and the Koreallie was one made very many years ago, which now rather 
misleads than otherwise, as the Sardah and many of the smaller streams 
have shifted their course very considerably since the original survey waa 
made. The whole of the ground has, therefore, had to be re-surveyed, 
and iji addition levelled over. This work has now been completed by 
Mr. Heaford, Executive Engineer ( although time has not admitted of 
plotting the surveys as yet on the accompanying sheets,) and proves the 
entire practicability of leading out the supplementary channel from the 
Sardah at Mujgaen, where, on the 24th November last year, the discharge 
of the river ( which, it must be recollected, is exceptionally low ) was 7,556 
cubic feet per second. A minimum supply of 5,000 cubic feet, which is 
suflficient for the supplementary channel, may, therefore, confidently be 
reckoned upon at this point when the river is at its lowest, as the abstrac- 
tion of the water at Bunbassa will probably not materially affect the 
quantity passing Mujgaen, 70 miles lower down the river. 

Snppiementeijfnppijfrom 33^. From the point where the supplementary channel enters the 

^^^ main canal up to Mina Kote, the quantity of water required for irrigation 

and navigation is 960 cubic feet per second ; adding 100 cubic feet as loss 
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by evaporation aad absorption, and 150 cubic feet as the supply of the 
Poorunpoor and Keeruthpoor rajbuhas, we have a total of 1,210 cubic feet 
per second required at Mina Kote in addition to the 5,390 cubic feet requir- 
ed for the Lucknow and Benares branches, or a grand total at Mina Kote 
for the supply of the Lucknow, Benares, and Fyzabad main lines of 6,600 
cubic feet per second. Adding a loss of nearly 8 per cent., or 514 cubic 
feet per second, for evaporation and absorption between Nuglah and 
Mina Kote, the disohaxge of the required canal at head will be 7,114 cubic 
feet per second 

34. This is more than the discharge of the river at Bunbaasa in 
January, February, and March (vide paragraph 21) ; but in April the 
average daily supply is 7,000 cubic feet per second, which steadily increases 
until the commencement of the rains. In April the water is more par- 
ticularly required for breaking up and preparing the ground for the kharif 
crop ; and in September, when there is always an ample supply in the 
river, the first waterings are taken for the preparation of the land for the 
rabt If therefore full supply is maintained in the canal for these two 
months, the kharif crop wUl infallibly be secured, and should the river fall 
exceptionally low in January, February, and March, yet the full amount 
of land for the rabi wiU have been prepared, at least one fuU watering 
given to the young crop in November, and sufficient water will still remain 
in the canal to furnish more than half full amount for the other two 
waterings. I think, therefore, that there can be little doubt as to deter- 
mining the full supply of the Sardah Canal at its head at Nuglah at 7,114 
cubic feet per second. 

35. We have now to consider the amount of water required for the 
irrigation of the country below the supplementary channel. Calculating 
on the same data as before, 3,350 cubic feet per second will be required 
for the land between the Kullianee Nuddee and the Goomtee on one side, 
and the Gogra on the other, as far down as Ghazeepoor, to which must be 
added 400 cubic feet per second for navigation, and 800 cubic feet for the 
supply of the Barabunkee branch, giving a total of 4,550 cubic feet per 
second. Adding 10 per cent, to this amount for absorption, &c., we have, 
for the required discharge at head of supplementary channel, a grand total 
of 5,005 cubic feet per second. 

36. The total quantity of water, therefore, required for the country 
between the Ganges and the Gogra from Mina Kote to Gazeepoor is 
12,119 cubic fee* per second, sub-divided as follows : — 
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37. As regards navigation, it will be observed, on inspection of sheet 
No. 1, that in addition to the main lines of canal which are intended for 
navigation as well as irrigation, three cross lines solely for navigation have 
been provided. The first of these, starting from Shahjehanpoor, locks up 
from the Gurrah to the Lucknow and Benares Main Line above the Kusra- 
wurh branch head, after which it turns off and locks into the Goomtee, 
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opposite to the spot where the navigation channel from the Fyzabad line 
falls into the river. This navigation channel takes out above the Bara- 
bunkee branch head, but below the supplementary channel, and passing by 
Khyrabad, Seetapoor, and Mahowlee is fed, en route, from the Seetapoor 
and Koothar branches. Direct communication then is opened, vid the 
supplementary channel from Mujgaen (near the site of the Oudh forests) 
to Shahjehanpoor and Rohilkund. 

The second navigable line proceeds from Cawnpore, vid Oonao, 
Lucknow, and Barabunkee, to Byramghit on the Gogra ; and the third 
line from Allahabad, vid Pertabgurh and Sultanpoor, to Fyzabad. This 
scheme for navigation, combined with what at present exists on the rivers, 
will, I trust, be considered amply sufficient for the wants of the Province. 
Details regarding traffic, &c., have not yet reached me ; the subject, there- 
fore, cannot be further entered into at present 

Approximate ooet. 38, Until the levels and surveys of the country between Lucknow 

and Ghazeepoor are completed, it is of course impossible to furnish a correct 
statement showing the probable cost of the Sardah Canals. These surveys, 
however, will be finished within a month, after which the designs and de- 
tailed estimates will be drawn up ; in the meantime Rs. 4,84,76,000 may 
be considered as a rough approximation to the probable expenditure that 
will be incurred. This sum has thus been arrived at : — 

Taking the discharge of the Ganges Canal at 6,750 cubic feet, and itd 
cost (including the full number of rajbuhas that will have to be made) at 
Rs. 2,25,00,000, the cost of each cubic foot at head of canal is Rs. 3,333. 
In the same manner, if the discharge of the Baree Doab Canal is taken at 
3,000 cubic feet, and the cost, including navigation works and rajbuhas, 
at Rs. 1,40,00,000, the cost per cubic foot at head of canal is Rs. 4,666. 
Similarly, the cost per cubic foot on the projected Soane Canals, from data 
furnished by Colonel Dickens's estimate, would be Rs. 4,344, and the cost 
per cubic foot on the Sutlej Canal, as originally designed by Colonel 
Croflon, was Rs. 3,261, exclusive of navigation works, or say Rs. 3,500, 
including lockage, &c 

The mean of these amounts is Rs. 3,961, but, for the purposes of a 
rough estimate, I have taken the cost of each cubic foot of water at the 
head of the eanal at Rs. 4,000. The cost, therefore, of the Sardah Canals, 
with an estimated discharge of 12^119 cubic feet per second at head, will 
be Rs. 4,84,76,000 

i«rtam. 39. With reference to the possible income that may be derived from 

the Sardah Canals, if we assume that each cubic foot of water in the year 
irrigates 250 acres only, instead of the theoretical standard of 296 acres 
(the Ganges Canal Committee stated 414 acres as the irrigating duty per 
cubic foot), we have a total of 2,392,500 acres that will annually receive 
water from the 9,570 cubic feet reserved for irrigation. 

The average income derivable per acre irrigated on the Ganges and 
Eastern Jumna Canals, including water-rate and enhancement of land re- 
venue, is Rs. 4. Allowing for the purposes of this estimate that on tbe 
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Sardah Canals only Rs. 3 will be obtained, this will give us Rs. 71, 77^500 ; 
or including navigation dues, mill-rents, and other miscellaneous profits, 
say £s. 73,00,000 as the gross income per annimi. 

40. Against this is to be set the annual expenditure on maintenance, 
repairs, &c., at Rs. 150 per cubic foot entering the Canal (on the Ganges 
Canal Rs. 152, and on the Eastern Junma Rs. 102 per cubic foot), or 
Rs. 18,17,850, to which must be added Rs. 1,82,150, as the loss of land re- 
venue per annum on 85,000 acres of land taken up by the canal and its 
distributaries, or a total expenditure per annum of Rs. 20,00,000, leaving 
a net annual profit of Rs. 53,00,000, or nearly 11 per cent. «n the capital 
invested. 

41. If the project for the construction of the Sardah Canals, as above 
sketched out, is approved of, it will no doubt be noticed that, by simply 
making the capacity of the Fyzabad main line from Mina Kote to the head 
of the Barabunkee branch suflSciently large to hold a discharge of 1,760 
cubic feet (instead of 960 cubic feet, which is all that it is absolutely re- 
quired to hold, vide paragraph 33), the Barabunkee branch can be suppli- 
ed from it. By this means, the whole scheme of the canals will be divid- 
ed into four distinct systems, which can be carried out successively one 
after the other, so that the large capital of 485 lakhs required for the 
whole design need not be sunk in one lump sum before any return is given 
on the money expended, but in four separate portions, each of which will 
commence paying interest, as the system of canals for which it is allotted 
is completed. 

For instajice, if the above capacity of channel is given to the Fyzabad 
branch head at Mina Kote, it will be seen on reference to sheet No. 2 that 
the distributaries from this line will provide irrigation for the whole of the 
doab between the Goomtee and the Gogra from Mina Kote to a point east 
of Lucknow and Barabunkee, or the main districts where irrigation is most 
urgently required 

At the same time that the Fyzabad line is thus being executed, ilie 
Shahjehanpoor branch also might be dug. 

On the completion of the above system, the Benares Main Line, 
in its whole length from Mina Kote to Benares, might be undertaken. 

When this is finished, the supplementary channel from Mujgaen, 
together with the extension of the Fyzabad Main Line to Fyzabad and 
Ghazeepoor, could be commenced, and when completed, the Lucknow and 
Jounpoor line from Kusrawurh could be made ; for the 800 cubic feet per 
second required for the Barabunkee branch would now be supplied from 
the supplementary channel, and the corresponding amount temporarily 
carried down the Fyzabad line from Mina Kote would be sent down its 
proper course — ^the Benares line — so as to work the " tateels" on the Luck- 
now and Benares branches as pointed out in paragraph 30. 

42. In this report I have had occasion at times to allude to the sur- Field work ezeootod and 
veys being as yet incomplete. I trust, therefore, that it may not be for- P^^^^*"* 

gotten that, although nominally these surveys were commenced last 
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February (1868) by my two assistants and myself, they were ^ejk limit- 
ed only to the tract of country referred to in paragraph 1.. The key to 
the whole work lay in the upper portion between Mina Kote and Burm 
Deo, of which ground no reUable maps existed, and beyond a longitudinal 
line, taken by Colonel Anderson in 1857, there were no levels whatever. 
In the middle of March, the natives begin leaving the country north of 
Nuglah on account of the unhealthiness of the climate ; three weeks there- 
fore was all the time that could be given last year to the survey in th^ 
upper portion, and sheet No. 5 shows some of the work that was then 
done. From Burm Deo to Fyzabad a line of levels was taken, and also 
from Mina Kote to Kusrawurh, and down the two branches of the then 
prc^osed canal to Lucknow and Cawnpore in addition to cross-sectiond of 
the coimtry. This was sufficient to enable an approximate estimate to be 
made out for a canal to irrigate the country lying to the north-west of a 
line drawn from Cawnpore to Fyzabad, but subsequently it was determin- 
0d to extend irrigation to Benares, Azimgurh, and Ghazeepoor. The 
work done in designing and estimating on the old project had, therefore, 
vOntirely to be recast, and a new series of levels between Lucknow and 
Benares and Azimgurh to be taken. These levels, together with the 
examination of the country north of E^heree for the determining of tiht^ 
prop» position for the supplementary channel, and the survey of the left 
bank of ttie Sardah, were commenced in October 1868. Many of these 
surveys are already finished, as well as a line of levels from Bunbassa to 
Nanuckmutha, for a canal required for the irrigation of districts west of 
the river Deoha, and in one month from this date the entire series of 
levels, ciross*sections, and surveys, from Burm Deo to Benares and Azim- 
gurh, will be completed — ^a result which could not have been accomplished 
in the time that it has been if I had not received the most cordial assis* 
tance from all the officers under my ordera 

43. But although the surveys are so near completion, it must be 
recollected that, for every day employed in field work, at least two days* 
office work is required for plotting, connecting surveys, designing, and 
estimating ; if, therefore, the usual course of completing the whole of the 
detailed estimates, submitting them for sanction and awaiting the result, 
is adopted before a commencement has been made of " lining out" the 
canals, much valuable time will be lost, which, under the peculiar circum- 
stances on account of climatic and other influences in which the works on 
the upper portion of the Sardah canals will have to be undertaken, is so 
entirely to be deprecated, that, as will be seen below, I have had no hesi- 
tation in marking out the centre line of the canal well beyond the mala- 
rious tract, before applying for sanction for so doing. 

For it is only from December to March that work can be undertaken 
with safety in the dense jungle north of Mina Kote ; if therefore the canal 
is not lined out as far as this point before the end of next month, the 
greater part of a season's work will be lost. The surveys of the upper 
portion of the island of Chandnee Chowk, and of the branches of the 
Sardah, were only completed three days ago. These surveys prove, with- 
out doubt, that Nuglah is the only spot for the canal head, but although 
I have the rough plans here in camp, I have neither time nor the est^bb- 
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lishment to finish the whole of the detailed designs, &c., which ougit 
first to be submitted for approval. The Inspector General of Irrigation 
Works provisionally approved of as much of the scheme as was submit- 
ted to him in December last ; the surveys that have since been done, sup- 
port, even more favourably than I could have hoped for, the views then 
expounded. Taking this into consideration, together with the great advan- 
tages that will be gained by having the canal from Nuglah to Mina Kote 
(between which places the only really difficult positions as regards choice 
of ground exist) lined out, I have commenced the " lock-spitting" 
on my own responsibility. Already the line has entered the bangur, and 
before the end of next month I hope to have it completed to Mina Kote. 
It is carried in its entire distance, with the exception of about two miles, 
near Sissayah, through dense jungle ; a clear width of 400 feet being cut 
through the forests, timber jfrom which will be stacked so as to be dry and 
fit for firewood for kilns next cold season. In addition, arrangements have 
been completed for sinking wells (of which two have already been, 
commenced) at intervals of two or three miles along the main line down 
the bangur, so as to have drinking water for the large working parties that 
will be employed in the excavation of the deep cutting from Mina Kote up- 
wards. These wells will, I hope, prevent the workmen resorting, as they 
otherwise would have to do, to those hot-beds of disease, the putrid 
waters of the Mala and Hoodeean swamps; or the river Chooka, which 
is only a degree better. 

Permanent bench marks of masonry are being built at every 500 feet 
down the centre line of canal, so that the detailed working estimates can 
at once be drawn out ; and after sanction has been obtained, tenders can 
be invited for the execution of contracts. If the detailed designs are ap- 
proved of, contractors will thus be enabled at once to commence work early 
in December 1869, between Mina Kote and Nuglah, as the line will be 
marked out for them, wells ready, and dry firewood for the brick-kilns. 
Whereas, if the canal had not now been lined out, contractor3 could not 
have commenced work in this upper portion until February next, when 
barely a month's work could have been done. 

If the scheme for the canals, as here submitted, is disapproved of, an 
expenditure of about Rs. 4,000 only will have been incurred on the lin- 
ing out, the greater portion of which amount would be reimbursed by the 
sale of firewood and tunber. 
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44. The predisposing causes of the unhealthiness of the upper part 
of the country are, I presume, the stagnant air and water, — ^the former en- 
gendered to a great extent by dense forests close to the foot of the hills, 
and the latter by large jhfls the formation of which, although caused ori- 
ginally by nature, might not perhaps have given rise to such aggravated 
swamps as now exist had not the hand of man assisted nature to a most 
material extent in blocking up and choking the drainage outlets. The 
detailed levels will show that not the slightest difficulty (except perhaps a 
pecuniary one) exists in getting rid both of the Mala and Hoodeean 
swamps. 
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Wherever a road or cart-track is taken through the fprest, if the trees 
were cleared for a width of 200 or 300 feet, leaving a belt only on either 
side of the road, perhaps something might be attained in promoting a 
circulation of air. 

45. In conclusion, I would beg to state that this report is only in- 
tended to exhibit the main outlines of the scheme that will be submitted. 
Many details are consequently left out. If, however it should be consi- 
dered too lengthy for a mere sketch, I can only plead as my excuse that 
I have been obliged to enter into many reasonings which only a Cautley or 
a Dyas could authoritatively have omitted. 



APPENDIX A. 

Suggestions and Recommendations contained in Lieutenant Anderson's 

Diary. 
States that the KulUanee Nuddee, and the jhfls in which it arises, 
being both dry in the dry season, are useless for irrigation. 

2. The Goomtee also at Madho Tandah being dry will not be avail- 
able for the supply of a canal, though the people seemed anxious to have 
a canal. 

3. There was a stream of water, three feet deep and rapid, in the 
Chbwka Nuddee ; but it was 50 feet below the level of the line at Madho 
Tandah. 

4. The Hoodi and Jugbooree Nuddees (affluents of the Sardah) join 
one another where the road from Bilheri to Burm Deo crosses the latter ; 
and a line of canal could not well be carried higher, that is further west, 
as it would have the disadvantage of requiring a second masonry work 
on the Hoodi, and of more difficult ground on the banks. States in 
addition, that the point where the river breaks into two channels above 
Bunbassa would be a good site for a canal head if a line higher up is 
unsuitable, although it would involve some heavy cutting. 

* 5. Gives an opinion at first that a canal head could be opened with 
greater advantage at Naik-ka-Goth than at Burm Deo ; as, in the latter 
case, seven or eight torrents would have to be crossed, whereas, if opened 
from Naik-ka-Goth, only one stream (the Jugbooree Nuddee) would prove 
a serious obstacle. 

States that the ground between Burm Deo and Naik-ka-Goth is not 
favourable for a canal, being sandy and low, and subject to inundation, 
and that the difficulties of opening a canal from Burm Deo appear very 
great ; but that the only obstacle to opening a canal from Naik-ka-Goth, 
in addition to the crossing of the Jugbooree (already mentioned) would 
be heavy cutting for two milea A further examination, however, induced 
a change of opinion, as it appeared that the river at Naik-ka-Goth being 
removed a considerable distance from the bank, a channel opened from it 
would be liable to be crossed by floods, and to act as a trap for silt and 
rubbish ; also, that it would be Uable to have its defences turned by the 
Sookee Nuddee, which falls into the river just above the proposed site for 
the head. 
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By levelling from Burm Deo into the high land near Behara-ka-Goth, 
ftnd onwards to Naik-ka-Goth, it became evident that Burm Deo was 
not 60 unfavourably disposed for a canal head as at first sight appeared. 
A more careful examination showed that the torrents to be crossed by a 
canal led from Burm Deo would be none of them any great obstacle, 
except the Sookee Nuddee, which alone would require a water-way of 100 
feet; none of the others requiring a more than 50 feet water-way, and 
most of these will probably be carried over the canal. The advantages 
seem, therefore, to be on the whole in favour of Burm Deo as a site for a 
canal head. Limestone is found within four miles. 

6. States that a gool from the Dhundi Nuddee would be useful. 
(Khyreegurh.) 

7. Mohana Nuddee, not having its sources in the snows, has not a 
good supply of water in the dry season. In January 1857 its discharge 
was 140 cubic feet per second. 

8. The Mohana Nuddee, though containing (21st January 1857) 200 
cubic feet per second at Chedya^ would be exceedingly difficult and ex- 
pensive to dam, and the project is therefore hardly to be thought of. 

9. The discharge of the Koreallee is given at 13,082 cubic feet per 
second, its width 850 feet, maximum d^pth 12^, and maximum surface 
velocity 3*67 feet per second on 28th January 1857. 

The character of the ground differs from that in the rest of the terai ; 
the soil clayey and hard, and not suited to the production of wheat or 
other rabf crops. The wells also are deeper (15 feet to 21 feet deep.) 

10. States that a canal from the KoreaUee is inipracticable on 
accotmt of the hills running too parallel to its course to a long distance to 
allow of as favourable a head as from the Sardah above Burm Deo. There 
are, besides, innumerable small obstacles in the shape of hill torrents which, 
in the aggregate^ form a serious obstruction. Besides this, the great 
height of the bangur land, and the almost impracticable jungle through 
which the line would have to pass. 

11. States that the Girwee (an affluent of the KooreallBe at about 
six miles from the Kuchli), which contained a good stream (on 30th 
January 1857) produced by percolation, would be a very difficult stream 
to deal with were a canal to be carried across it. 

12. States that the ground near the Chota Surjoo is of good quality, 
of a stiff clayey texture. There is a cut from the Chota Surjoo, which 
conveys water, which is used for maturing the rice crops, and before 
ploughing, but "not for the rabl crops ; also states that the Chota Suijoo 
appears capable of irrigating more than it is now used for, and that it 
would be, doubtless, a great advantage to substitute a permanent, in place 
of the present temporary, dam. At the base of the hills there was a good 
site for a dam on the Chota Surjoo, the discharge of the river at its 
maximum about 400 cubic feet per second, enough to supply one canaJ to 
supersede the present gool running to Pudnaha. 
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13. States that a canal from the Ghota Stujoo would be very bene- 
ficialy that many villages have disappeared, and jimgle has encroached for 
want of water. 

14. No chance of a canal from the Raptee, as even were the groxmd 
suitable, no site for a canal head is to be found in the Oudh territory ; 
only in Nipil. Discharge of Raptee 935 cubic feet per second ( on 27th 
February 1868). 

15. States afterwards (28th February) that the ground near the 
Kaptee would have been very favourable for canal had it been possible to 
interfere with the Raptee beyond the frontier. 

1 6. States that it would be most advisable to adopt some means to 
secure the water of nullah beyond Musha ( name not given ), and as dam- 
ming it is impracticable, tanks are the only other method, but it is doubt- 
ful whether they would not be too expensive { ground near the point 
where the nullah which passes Lallpoor leaves the jungle suitable for 
tanks. ) 

17. The Koanee discharges 20 to 30 cubic feet per second, but the 
extent of cutting renders it doubtfiil whether a canal could be formed. 

Abstracted from Lieutenant Anderson^s diary by the late Lieutenant 
H. C. Smith, Royal En^eers. 

J. G. FORBES, Captain. R R, 
Superintendent, Irrigation. Works, Oudh. 



APPENDIX B. 

Preliminary Report on Survey Operations for Irrigation WorTcs in Oudh, 
during 1867-68, hy Captain J. Q. Forbes, R. E., Superintendent, 
Irrigation Works, Oudh. 

With the view of preparing a project fbr a canal foi^ tibe irrigation 
of Oudh, and a portion of the Bareilly and Shahjehanpoor districts, 
the following establishment was appointed to the provmce :— 

Captati^ Fokbbs, R; 1J.> Superintendimti 
Mr. Henslowb, Assistant Engineer. 

„ Froude, „. „ 

Drummer Groves, Overseer; 

3. Commencing so late as the survey did this year, field-work not 
being begun until February, I was obliged to confine my attention solely 
to gathering sufficient data to enable Government to judge of the feasi- 
bility of the project, and to collecting such information as would enable 
me' to send in an approximate estimate of the probable cost of canals, 
leaving the collection of deUilB.Q^d.minuti(B for subsequent works ia. the 
ensuing cold season. 
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3. The wrvey^, Ac;, w^re accordingly apportioned out as folloi^ ; — 

For myself I reserved the survey and levelling of the upper portion 
of the river Sardah, and the tract of country in the Terai where the main 
^igineering difficulties would be ; the choice of site for canal heads, the 
measurement of the rivers, and the examination of the hills for stone, 
lime, and other materials ; besides a general reconnaissance of the whole 
province, (and part of the North- Western Provinces) from Bmm Deo 
to Fyzabad, 

To Mr. Henslowe was entrusted the levelling of two cross-sections, 
and the longitudinal lines for two possible branches of a canal— 

1st, down the doab, between the rivers Ganges and Sye, joining 
the former stream at Cawnpoor ; 

2(nd, down the doah^ between the riveo-s Sye ajad Goomtee, falling 
into the latt^' at Lucknow. 

Mr. Froude levelled down the main lines from a point about 30 
miles below Bujnx Deo to Fy^bad, where the proposed canaj would join 
the Gogra. 

Overseer Graves was emplojred iix levelling cross-aection^. ivk the^ 
Kheyee, S^e^poor, and Shahjehanpoor districts. 

4. The dates on which field-work waa cozxunenced by each offiow 
were a,s follows : — 

Caj^tain FoHBJiS, February 13th, 1868^ 
Mr. Hknslowe, ,,, ath, „^ 

Mr. Froude, ,^ 27th^ ,^ 

By the latter end of April iixe whole of iko work specified in the 
preceding paragraph was completed. 

Six hundred and thirty-nine miles of levelling,, besides, a rough 
prismatic survey of upwards of 1,^200 square miles of coimtry was finished,, 
the chief portion being levelled by Messrs,. Henslowe and Fronde, who, 
respectively, did 2ft7 and 2ax mileak 

The reduced levels of 240 bench-marks were fix^ ; connections were 
made with the levels of the Rohilkundc contour survey, the Ganges canal, 
the great trigonometrical survey,^ and with a series taken by Lieutenant 
(now laeutenant-Colonel) Ajiderson^ of the Madras Engineers, in. 1856-57^ 

The spring sixrface level of water in all the wells met with en route^ 
was measured. ;. and carefiil notes were made regarding irrigational require^ 
ments of tiie districi^, passed,^ the proximity of materials and labour, be- 
sides a large amount of miscellar^ons, information, which will come of 
use when drawing up tiie project, 

5, The niain facts elicited by the surveys are, — 

1st, the entire practicability^ of* caastruoting a first qIws canal for^ 
irrigation and navigation from tixe river Sardah through tke tcac?t referred 
to in paragraph I ; 
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2nd, that at a short distance below the debouchure of the river from 
the hills there are two sites, either of which are well adapted for the con« 
structiou of the head works of a canal ; 

Srd, that the supply in the Sardah is suflSicient for the irrigation, &c., 
of the country as far as Fyzabad ; and 

ith, that, if required, the canal can most probably be extended to 
the Azimgurh and Jounpoor districts by having a supplementary head 
near the junction of the Sardah and Koreallee. 

6. The detailed report and estimate are now in course of preparation, 
and will be submitted shortly. 



LucKNOW : ) 

2%^ 24th August^ 1868. ] 



J. G. FOEBES, Capt, R. K, 
Superintendent^ Irrigation Wo^'ks. 



APPENDIX C. 



Question 1. — Whether irrigation from streams, jhfls, or other natural 
sources is now practised \ If, so, to what extent ? Actual areas being 
stated, if possible^ otherwise an approximation to be given* 

Shajehanpoor. — -About 101,726 acres are thus irrigated^ or about 20 
per cent, of total area cultivated 

Kheree ( Luhhimpoor ). — Estimates vary from 12 to 25 per cent of 
total area in district as irrigated at present from bunds placed across small 
streams^ 

5e^apoon— Out of 9X5,,a2a acres under cultivation, only 154,610 
rather under 17 pw cent.) are irrigated; of these, 65,213 acres are 
watered from wells, and aSk,a97 from, tanks, &c. 

Hurdui. — Irrigation is practised from all the sources mentioned. The 
cultivated land amounts to d61,4d5 aore^^ of which 263,990 (or 31 per 
cent.) is irrigated^ 

Barabunkee (Nawoibgunj). — Irrigation ia hut little practised, and is 
supplied from tanks to 96^263 acres only^ 

LaohMyu>. — Irrigation is practised, but no infbrmatioa is given re- 
garding areas, excepting in the case of one tahsfl, which contains 59,547 
acres of cultivated ground,, of which about one-half is supplied with 
water. 

Oonao. — ^The irrigated land amounts ta 117,000 acres. 

Bjo^, Bareilly. — Irrigation is extensively practised, chiefly from jhlls, 
wells and tanks. The total of cultivated land is 428,366 acres, of which 
808,624 acres (about 72 per cent) are watered, — 164,617 acres, tromwdU 
and 144,007 from other sources,. 
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SuUanpoor.- — ^Irrigation is practised in every village from natural 
jhfls and artificial tanks. The cultivated land amounts to 503,856 acres, 
of which 393,180 are irrigated. This is equal to 77 per cent, but proba- 
bly includes the land watered from wells. 

Fyzahad. — 393,091 acres are irrigated in this district, but the total 
area of land under cultivation is not mentioned. 

Pertabgurh. — 348,503 acres are irrigated; 

Benares. — Irrigation is practised, wherever possible, from small 
streams, jhfls, &c., which however generally dry up in the hot season. 
Only 77,337 acres are irrigated. 

Azimgurh. — ^No answer. 

Jounpoor. — ^No answer^ 

Ghazeepoor. — ^Ditto. 

Question 2. — If irrigation is anywhere practised, do the landholders 
pay any rate to Government for the use of the water ? If not, have they 
any prescriptive right to use it ? ' 

No rate is in any case paid throughout Oudh. In some districts (as 
Where the irrigation is from tauks^ Oouao) the prescriptive -right of landowners 

eaeh village has ite particular channels •!/>•. i ii* ji j 

of supply, and in dry eeasons yioient 18 .deiimteiy recorded ; m some the records 

diiputes arise between both Tillages and • i x * j.i- * J 

individuals. At the revised settlement, are mcomplcte, m otJiers again uo rccoros 
^rd^S!!^ V^^** "* ^"* '"* are kept. No answers, however,, have been 
returned from Seetapoor, Fyzabad and Lucknow. 

In Shahjehanpwyr the landholders do not pay anything to Govem- 

Thirti. to..y. they pay no «.parate ^^^^ fo'^ ^^ "^ O^ *^e Water from riverS,, 

p:M|w'»te o„'*tS't^*t^!u" Jl^% &«•• ^ «^o i^ Benares, where land- 

irrigated rate. Benares being under ownorS have a preSCriptive right tO USO 
TMvmanent settlement, doubtless enjoys jt jt o 

any irrigation introduced . since it. the Wator, 



Question 3. — ^What is the average depth of water below the surface 
of the ground ? State also the maximum and minimum depths, specify- 
ing the names of places where the water is found at greatest and least 
depth? 

ShahjehJanpoor^ Average depth- 12 feet. 

Greatest „ 21 „ on the higher land, and 

Least ,. 2 ,, in the khadh:. of. river 



Kheree^ Average depth 5' to 7 „ in khadir. 

„ „ 30 to 45 „ in bangur. 

Maximum 45 „ in Lukhimpoor. 

MjUximum 4. ,^ in the khadir dos^ to 

Lukhimpoor. 

Seetapoor, Averager depth 21 feet. 

Maximum 50 ,j, in Unchietta- 

Minimum 10 „ in Sudurpoor, 
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Hurdui, 


Average depth 
MaTiTnnm 


28 feet. 

40 ,y in Mullaon. 




MinimiiTn 


14 „ in Palee. 


Barabunkee, 


Average depth 
Maximum 


20 feet 
40 J, and 




Minimum 


10 „ in the khadir of the 
Gogra. 


LuchhoWf 


Average depth 
Maximum 


25 feet. 
80 „ 




Minimum 


12 „ 


OonaOy 


Average depth 
Maximum 


38 feet. 
112 „ in Oonao. 




Minimum 


12 „ in Suffeepoor. 


Boy Bareiily, 


Average depth 

Maximum 

Minimum 


30 feet. 

78 „ in Beegapoor. 
8 „ in Parakhow. 


Sultanpoor, 


Average depth 
Maximum 


20 feet 
45 „ 




Minimum 


12 „ 


Fyzahad 


..•Average depth 
Maximum 
Minimum 


26 feet 

42 „ in Soorhoorpoor. 

22 y, in Issolee. 


Pertabffurh, 


...Average depth 
Maximum 
Minirimm 


23 feet 

45 ,, in Mudhpoor. 

13 ;; in SaJone. 


Benares, 

• 


...Ayerage depth 
Maximum 


57 feet 
112 „ in Nanwuh (Pergana 
Dehutamaunt) 


• 


Minimum 


15 feet in Nypoora (Pergana 
Dehutamaunt ). 



Question 4. — ^Do facilities exist for making " kacha wells ?" If so, 
are there many in use for irrigation purposes, and what is the average 
cost of making the wells ? 

''Kacha" wells are very extensively used all over OudL The 

several returns agree so well, it is unneces* 
•aid to Ust *• long m 60 yem^ "^^ ' *" sary to give details of each answer. It ap- 

R. H. n. pears that " kacha '* wells in loose soils 
cost from Rs. 2 to Rs. 3, but are serviceable for only one season. Those 
in stiffer soils (which may last four or five years) cost from Rs. 6 to Rs. 
10, according to depth. And such as require lining with cylinders, &c., 
set in mud, involve an outlay of from Rs. 30 to Rs. 40. 

In Shahjehanpoor there are a great number of " kacha" wells in use, 
the average cost of making them being Rs. 3. In Benares also there are 
very many wells, but more are required ; average cost varies from Rs. 3 
to Bfi. 5. 
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In Ghazeepoor th6re are a great maoiy wells all over the district, 
and the average cost of making them is Rs. 15. 

Question 5. — ^Do facilities exist for making minor irrigation works 
from tanks, jhils and nullahs, or other sources? If so, state the portion or 
portions of the district which would probably be benefited, aud point out 
which work it would be requisite to undertake first ? 

Seetapoor and Lucknow have not noticed the question. Oonao states 

.tShf lin^K dt'rL;:>th'^th^ ^^P^^« ^^^ ^^q^^^^^ ^ existing bunds, and 
i>zabiMidi8tricfc,thepeareafewfaciKtie8 Rov Bareillv fiuds its ihlls siltinff UD and 

for imgation apart from a canal from the ** ^ ^ ^ •' ^ ^ 

Sardah or Koreaiiee. On the right bank requiring to be deepened I protection is also 

of the Gk)omtee, it is otherwise ; but the . . . . 

consideration, in strong support of intro- required against iuundations of the river Sye. 

duoing a perennial supply 01 water, is the rn -l* i_ j • /» 

density of the population ayeraging, per- Shahjohanpoor recomimends construction of 

haps, as much as 600 to the square mile. , , . - ^, j."l ci j i. j."l 

A famine perhaps does not occur once in large caual, either iTom txie bardan or tne 

50 years, but when it does come the effect -r> • /• i • i 

is appaUing.— B. H. D. Kamguuga in preterence to minor works. 

In Benares no minor irrigation works are required, as "the people do 
very well without them in the rainy season, and in the hot months the 
jhils and nullahs generally dry up." 

Question 6.-^In the event of irrigation works being carried out, 
state whether any special arrangement should be made with reference to 
charging for the water supplied, contingent on any peculiarity of the 
tenure of land or otherwise ; and mention what would be the probable 
fair money value of water to the chief crops likely to require it ? 

In none of the districts in Oudh does there appear to be land under 

The tenures are practically much the ^uy particular tenure requiring special ar- 

""at'^Vee;"^^^^^^^ rangements with reference to charging for 

lous parts of the proyince, a large proper- water Supplied. The mouev valuo for Water 

tion of the cultirated area is irrigated -^-^ ^ •^ 

already." to CTops is estimated as follows : 

Much of tlus will be discontmned on -*- 

tion^t 'rtSt:^'!,r AS ^^66.-Six annas to eight annas per 

.h«u be aasMeed. PersonaUy, I recom- j^-^q u\y^j^^ lively to increase when the ad- 

mend the reduction of the present land ' ** 

revenue, and a strict assessment of the vantaSTeS of rCffular WatCT-SUpplv are better 
canal taz, wherever the canal irrigation ° ° l m. y 

supersedes the other, but the question is knOWn." 
of great importance and requires much 

ewmination and dUcnssion—fi. H. D. Huvdui— It is Said landowners would 

not take water if it cost more than Rs. 1-8 to Rs. 2-4 per acre ; but the 
Deputy Commissioner is satisfied jfrom personal observation of the present 
working and cost ( the details of which he describes ) that Rs. 3 per acre 
would be about the fair average value. 

Pertabgurh. — Mentions 8 annas to 1 Rupee per acre per watering 
for cereals, for tobacco Rs. 2 per acre per crop, for sugar-cane Rs. 3,^ and 
for poppy Rs. 4. 

Fj/zabad. — States Rs. 1-4 per acre for ordinary crops, and Rs. 2-8 for 
sugar-cane, poppy and tobacco. 

Shdhjehanpoor, — Estimates an a/verage rate of 6 annas pw acre for all 

These rates appear to me much too cropS. 
low.— R. H. D. ^ 

Beimres and Ghazeepcxyr do not notice the question. 
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Question 7. — Is the settlement of land revenue permanently fixed or 
not ? 

The only land permanently settled in Oudh is an estate of about 

150,000 acres, which was conferred on the 
jJS:':^'^!^'^^ Eija of Kupoorthulla. In Oonao, Barabun- 

S^«'of Go^^r ^^^^^ kee, Pertabgurh, and Fyzabad, it is fixed for 

aaMssment, and Bome of their estates 30 yeaJS. In Hurdui it is nOW in COUrSO of 
are of great extent-^n. n. J^. ^ 

settlement. The other districts in the North- 
Western Provinces do not notice the question, but it is believed that in 
some parts of Benares and Ghazeepoor a permanent settlement prevails. 

Question 8. — In what months are the first waterings for breaking 
up and preparing the land for the kharff and and rabl crops required ? 

Very few of the districts answer this question, but those that do. 

Also at the end of February, or ^^^00 in statiug that Water is requuTod for 

&i:«^i^o»d^^S:^^^ preparing the land for the kharff firom April 

^^'^' to the beginning of the rains, and for the rabl 

in September and October. 

The proportion of kharlf to rabf is about 6 to 10 in the lower parts of 
Oudh near Fyzabad. 

Question 9. — What are the more important crops of the district ? 
Give approximate areas of cultivation ? 

Only one or two districts give approximate areas of cultivation. The 
These particuiarB are not aacertain- remainder simplv particularise the croDs, viz., 

able even from the settlement papers. jt • x- ^ i j > 

B" H. D, sugar-cane, tobacco, rice, wheat, barley, indigo, 

poppy and cotton. 

Question 10. — What is the weight of the ordinary produce of the 
chief crops per acre, irrigated and unirrigated ? 

Estimates founded on data more or less reliable are given by all 
districts. 

The dijfiferent weights of ordinary produce per acre range between 
wide limits ; but the proportions of yield from irrigated and unirrigated 
ground varies but little throughout, except in the Kheree district, where 
the wetted ground is said to yield four times as much, as the dry. The other 
districts shew an increase by irrigation of between 50 and 100 per cent, 
the average percentage of all districts being about 70. 

Question. 1 1. — la there at present any important export of agricul- 
tural produce ? If so, to what places, and what are the chief staples ? 

Shahjehanpoor. — Wheat, gram, and barley are exported to Futteh- 
gurh, Cawnpoor, and Mirzapoor, also to Bareilly. 

Kheree, — Pi-oduce is sent to Rohilkund, Lucknow, and Cawnpoor. 

Seetapo(yi\ — Produce sent to Cawnpoor Oonao, and Sbahjelianpoor. 

Hurdui. — Grains and sugar to Cawnpoor and Lucknow. 

Barabunkee. — Produce sent to Cawnnoor and Lucknow. 
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Lucknow. — Grains, sugar, and tobacco to Cawnpoor ; opium to VjiSr 
bad and Ghazeepoor. 

Oonao. — ^Produce chiefly sent to Cawnpoor. 

Boy Bareilly. — Grain of all kinds to Cawnpoor and Futtehpoor. 

Sidtanpoor. — ^Grains and oil-seeds to Jounpoor, sugar to the " West." 

Fyzahad. — Large ^xportations of produce down the Gogra and 
Goomtee. 

Pertahgurh. — Grain of all kinds, as well as sugar, tobacco, and 
opium are exported to Allahabad, Mirzapoor, Cawnpoor, and Futtehpoor. 

Benares. — Sugar to Calcutta, Mirzapoor , and Calpee ; indigo to 
Calcutta, and opium to Ghazeepoor. 

Question 12. — Is there any "reh" or oosur land in the district? If 
so, specify where and state actual or apporximate areas ? 

Shahjehanpoor. — ^About 8,000 acres in the southern portion of district. 

Kheree. — 230 acres interspersed. 

Hurdui. — 78,038 acres. 

Barabunkee. — No "reh," very little "oosur," and that scattered. 

^ ( 16,990 acres reh ) scattered over 

UOTUW. I 109^026 „ oosur ) district. 

Boy Bareilly. — 62,425 acres oosur ; locality not mentioned. 
Sultanpoor. — Large tracts all over the district ; area not stated. 
Fyzahad. — 160,501 acres. 

Seetapoor and I/ucknow do not answer the question. 
Benares. — 2,200 acres oosur carefully specified. 

Bain-fall. 

The average amoimts of rain-falls fiimished by the few districts which 
have sent in returns are not sufficient to base any approximate average on. 

Abstracted from detailed replies of district officers. 

J. a FOEBES, Captain, B. E. 
Superintendent, Irrigaiion Works, Ovdh, 

APPENDIX D. 

. Statement of Annual Imports and Exports of (British) Burm Deo. 

IMPORTS. 

From the Hills and Thibet.. Value. 

Rs. 
Borax, ... ... .., ... 1,00,000 

Turmeric, ... ... ... ... 50,000 

200 maunds ghee, at Bs. 20 per maund, ... ... 4,000 

500 „ khutta for pan and dyes, at Bs. 16 per maund, 8,000 

Total, ... 1,62,000 
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From Nijpdl. 

Maunds. Rs. 

1^500 caxdamums^ at Es. 40 per maund, 60,009 

500 ghee, „ 20 „ •.. 10,000 

1,500 ginger „ 15 „ ... 2,250 

200 wax ,f 40 ... ... 8,000 

5000 balchar ( for medicines and perfumes, at Bs. 12 ) 6,000 

400 khutta at Bs. 16 „ ... ... 6,400 



Total, ... 92,650 



Grand total value of imports, . . . 2, 54,650 



EXPOKT. 

To the Hills and Thibet. 

Maunds. Rs. 

1,500 salt, at Rs. 6-8 9,750 

2,000 sugar ;, 4-0 8,000 

v/iOtJi, ... ••• ... ... ••• ..« ..• 60,000 

Miscellaneous^ tobacco^ spices, &c.y 2,000 



Total, ... 79,750 



ToNipdl. 

Maunds. Bs. 

6,000 salt, at Rs. 6-8 per maund, 39,000 

800 „ ,> 4-0 ., 3,200 

C/lotu, ••• ... k.. ... ... ••• ••• 50,000 

Miscellaneous, tobacco, brass and copper vessels, spices, &c., 5,000^ 

Total, ... 97,200 



Grand total exports, ... 1,76,950 
Grand total imports and exports, ... 4,31,600 

Export dues in (NipdLese) Burm Deo. 
Cardamums, at Ba. 5 per 100 (British) seers. 



Ghee, 


>i 


4-12 


» 


100 


99 


91 


Ginger, 


99 


3-8 


n 


100 


9> 


91 


Wax, 


99 


10 


» 


100 


l> 


» 


Balchar 


9> 


4 


tt 


100 


7> 


y» 


Khutta 




4 


}> 


100 


l> 


99 



Duty in (British) Burm Deo. 
Khutta^ at Bs. 15 per 100 seers. 

All other articles free. 

This statement is compiled from the best information I could get from 
the traders and others at Burm Deo. 

J. G. FOBBES, Copt., R. R, 
Superintendent^ Irrigation Works, Oudh. 



vf. _.-^- -"S- -^-■•zy- _jat. 



Supplementary Note on Sardah Canal Project, by 
Captain J. 0. Forbes, R. E., OfBlciating Super- 
intending Engineer, Sardah Canal. 



1. Appendix J, and para. 39 of the Sardah Canal Keport showed 
that in the Roy Bareilly, Pertabgurh, and Sultanpoor districts, the 
present irrigated tract is abready 73, 74 and 78 per cent, of the cultivated 
area ; but in order to provide water for the Benares district, it wm 
stated, in paras. 15 to 37, that it was more economical to lead the water 
trom the River Sardah down the whole length of the Dodb, through these 
already well watered districts, than to take out a supplementary channel 
from either the Ganges or Gogr4. Since the project was submitted, five 
other schemes have been worked out, in order to see if it was not really 
financially practicable to take a supply from either of these two rivers ; 
but the results show that the conclusions arrived at in the report were 
correct, viz., that the head of canal should be on the River Sardah at 
Nugl4hy and that any supplementary channel should be from the same 
river. 

2. In para. 11 5 of the report, it was pointed out, that in the event 
of its being finally determined that water was not required for the whole 
ot Oudh, the estimates and details of the proposed canal were so com- 
plete that, by a slight alteration, they could be re-cast, so as to show the 
cost of any alternative proposition that might be brought forward. 

3. It has now been determined that irrigation is not absolutely 
necessary for the three districts mentioned in paxa. 11, and that the 
supply for the Benares district may as yet be left in abeyance. A mo- 
dification of the original project is therefore rendered necessa^. especi- 
ally as it is now considered that navigation is not required for all the 
branches of the canal, as navigable rivers already exist, running parallel 
to, and at a distance of only a few miles from the proposed lines of 
canal, (vide Appendix 1). 

4. The present proposed canal, as will be seen on reference to 
accompanying map, takes out from the original head at Nugldh, and is 
carried down on the original alignments ; the Benares branch, however, 
for the present stopping midway between Hurdui and Cawnpore, and 
the Jounpore branch falling into the Gtimti at Lucknow, thus providing 
for the irrigation of all the Cis-Gogrd districts in Oudh, (with the excep- 
tion of Roy Bareilly, Pertabgurh and Sultanpoor, and also for those 
portions of Shahjehanpore, and Bareilly, situated on the east of the 
River GurhA. 

5. Navigation is provided for on the Benares branch, as far as 
Sissori, from which place navigable channels will lock into the Rivers 
Gurhd and Gtimti. 

The Fyzabad branch will also be navigable as far as Unchi Kheri, 
and from thence to Lucknow. 
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6. The amount of water required at NugUh is 5,014 cubic feet per 
second ; which has been distributed as follows : — 



Fyzabad and East Lucknow branch, 
Hurdui and West Lucknow branch, 
Shahj ehanpor e. 



Total, 



2,370 

2,082 

361 

4,803 



The balance of 211 cubic feet, being available for navigation. But in 
calculating the returns, (paras. 14, &c.,) credit has only been taken for 
4,500 cubic feet, as utilized in irrigation, the other 303 cubic feet being 
supposed to be expended in evaporation and absorption. 

In addition to this, provision has been made for the admission of 800 
cubic feet per second more water at NugUh, without unduly accelerating 
the velocity of the stream in the canal ; so that if eventually it should 
be found necessary to provide for the irrigation of the Azimgurh and 
Jounpore districts, the only extra expense will be the cost of construct- 
ing a few irrigation channels. 

7. The estimates herewith accompanying show that the probable 
expenditure on the canal will be Rs. 3,01,78,852, and further on (para. 14), 
it will be seen that after taking into account the loss of interest, 
(Rs. 81,40,756) on the capital outlay, while the works are being executed, 
the net returns at the end of 17 years, when irrigation will come into 
operation, will be upwards of 8 per cent, on the accumulated capital, 
Rs. 3,83,19,608,^ or 11 per cent, on the original outlay of Rs. 3,01,78,852. 

8. Should it be deemed advisable hereafter to extend irrigation as 
far as Benares, it can be accomplished by leading out a supplementary 
channel from the River Sardah at Kumdridghdt, (21 miles above DelahA), 
where the levels show the practicability of taking a canal (as shown by 
the red line on map) to Sissori, the head of the Gumti Ganges Dodb. 

9. As an impression apparently prevails that water is everywhere 
met with in Oudh, within a few feet of the surface, I would draw at- 
tention to Appendix C of General Report, dated 10th February 1869, 
where it will be seen that in the " Bangur," or high land, where alo7ie is 
the canal taken, the spring level of water is in : — 



Kheree, ... 


• . » 




30 to 45 feet below tht 


) ground. 


Seetapoor, 
Hurdui, ... 


... 
... 




21 to 50 
28 to 40 


99 




Barabunkee, 


... 

1 ; 




20 to 40 


9f i 


►; 


Lucknow,... 
Oonao, 


• • • 

• • • 




25 to 80 
38 to 112 




y 


Roy Bareilly, 
Sultanpoor, 
Fyzabad, ... 
Pertabgurh, 


. . • 
... 
• . • 
... 




30 to 78 
20 to 45 
26 to 42 
23 to 45 


97 : 


>y 


• 


Origiinl outlay 
LoM of interest 


... a«« 1) 


3,01,78,862 
81,40,756 





n 



8^,19,608 
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Income and Expenditure. 

10. In the original report, the probable returns of the Sard&h 
Canal were shown as 8^ per cent, on the capital. The loss of interest 
on the capital outlay, while the works were under execution had not 
been overlooked ; but, as in para. 13 of Government of India, Public 
Works, letter. No, 3631, dated 9th October 1869, it was stated that, after 
taking into account the above loss of interest, a return of 7 per cent, on 
the original capital was sufficient to protect Government from loss ; and 
as the percentage on the canal worked out to 8^ or 1^ per cent., more 
than the limit fixed, I did not think it necessary to enter into details 
regarding the accumulated interest, &c. 

In this present scheme agreeably to Inspector General of Irrigation 
Works orders, I have below shown the probable returns according to his 
mode, of calculation, after including the accumulated compound interest 
during the execution of the works. 

11. Of the total amount of Rs. 3,01,78,852 required to complete 
the canal, it is proposed to expend, at first only Rs. 174,47,424 in the, 
construction of the Shahjehanpore, Fyzabad, (to Unchd Kherd), and 
Lucknow branches, {vide para. Ill of report). 

This first part of the scheme will, it is supposed, be completed in 
seven years ; at the end of which period the original amount of 
Rs. 1,74,47,424 with accumulated interest at four per cent, will have in- 
creased to Rs. 2,04,77,747. But as irrigation will not have developed 
for five years more, a further sum of Rs. 20,47,774 or 10 per cent, on the 
above capital, will have to be added, so that at the end of 1 2 years, the 
probable accumulated capital will be Rs. 2,25,25,521. 

12. The number of acres that will be irrigated is 508,000, (para. 
Ill of report), and the water-rate being taken at only Rs. 2-8 per 
acre ; the gross returns will be Rs. 12,70,000, to which must be added 
Rs. 1,10,434, (the same proportion as on the Ganges Canal) for 
miscellaneous dues ; or a total of Rs. 13,80,434. From this has to be 
deducted the probable cost of maintenance at eight annas per acre, (or 
Rs. 125 per cubic foot of watei; in canal) = Rs. 2,54,000 and the net 
returns will be Rs. 11,26,434, or exactly five per cent, on the accvmulated 
capital of 225^ lakhs. 

This, it must be recollected, is exclusive of enhancement of land 
revenue, which if calculated at only 12 annas per acre,* on the area 
irrigated, will give Rs, 3,81,000 ; or a total net income of Rs. 15,07,434 ; 
or 6' 69 per cent, on the capital. 

Even putting the maintenance charges as high as 10 annas per acre, 
or Rs. 156 per cubic foot of water in canal, (para. 108 of report), the net 
returns on water rate and miscellanous dues, alone, will be Rs, 10,62,934, 
or 4*71 per cent., and if enhanced land revenue is included, Rs. 14,43,934, 
or 6 '41 per cent. 



• In the North«WMtern Pronnoei it U 14 uwaB per acre ; ftnd in the PuEJab 18 annaa 9 pie. 



( 4 ) 

13. When this first part of the scheme is completed, the remaining 
portion can be carried out. This will cost Rs. 1,27,44,400, and as the 
heavy works at head of canal will already have been completed, this 
latter portion will probably be finished in five years. 

Going through the gfflime calculation as before, we find (Appendix 2), 
thiat the accuinulated capital will be Rs. 1,57,94,087, and the gross returns 
(^icltiding land tievehue), Rs. 16,76,630, which, at eight annas per acre 
maintenance, will give an income of Rs. 13,68,130, or 8*66 per cent, on 
capitol ; taking maintenance at 10 annas per acre, the net income will be 
R». 12,91,005, M 817 pet cent 

Including land revenue, the net income at eight annas per acre 
maintenance, would be Ril. 18,30,880, or 11-59 per cent. ; and if the 
maititetiance charges are taken at 10 annas per acre, tihe net returns 
Would be Rs. 17,53,755, or 11*10 per cent, on the accumulated capital. 

14. At the end of 17 years, both schemes will come into operation. 
The accumulated capital will be Rs. 3,83,19,608, and ihe gross returns 
of \vuler rate and miscellaneous dues, Rs. 30,57,065. Taking mainten- 
dAce at eight annas, the net income will be Rs. 24,94,565, or 6*50 per 
cent, on the capital, at 10 annas per S/cre maintenance, the net returns 
would be Rs. 23,53,940, or 6*14 per cent. 

Including land rerebue^ the net return^ would be Rs. 33,38,315 and 
R». 31,^7,690 ^ or 8^1 and 8*34 per cent, on the accumulated capital, 
6r 11*0^ and 1 0^*60 on original capital, according as the maintenance 
charges are taken ;at eight annas, or ten annas per acre. 



SittLA, \ J. G. FORBES, Capt., r. e., 

S6lh September 1871. ) Officiating Superintending Engineer^ 

Sa/rdah Canal. 



Appendix 1 to Supplementary Note on Sardah 

Canal Project. 



Extract from letter dated 19th February 1868, to Inspector General, 

Irrigation Works. 

In the part of the country which will come under the influence of 
the Canal, there are already two main navigable lines, the Ganges and 
Gogra, open all the year round ; and three minor streams, viz. the Gurhd, 
which is navigable from Shahjehanpore to the Ganges ; the Gtimtf, 
navigable for rafts from Mohumdee, and for boats from Lucknow ; and 
the Sye, navigable, I believe, from Roy Bareilly. These three latter 
stresuDds, not having their sources in the sn ows, ^^e at their lowest in May 
and June, and navigation if not entirely stopped, is considerably impeded 
in April, which is the month in which we \*^ ill be able to spare water 
from the Canal (vide paragraph 21 of Report of 10th February 1869, and 
paragraph 47 of Report of 1st September 1870.) I therefore consider 
that their, supplies should be supplemented from the Canal, that the 
present navigation on them should be improved by dams, locks and 
" cut-oflfe" ; that, in the upper parts of the Dodbs, navigable channels, fed 
from the main canal, should be made from one large town to another, 
locking in and out of the irrigation line where necessary ; and that these 

navigable lines should tail into the rivers, as follows, viz. : — 

» • • 

1. Into the Gurhd at Shahjehanpore. 

2. Into the Sye at Roy Bareilly. 

3. Into the Ganges at Cawnpore. 

4. Into the Gtimti at Lucknow. , 

» • • 

5. Into the Gogra at Byramghdt with extension down main irri- 
gating line to Fyzabad 

All these lines to be connected with one another by cross lines, 
running from town to town. 

J. G. FORBES, Capt., R. K, 

Officiating Superintending Engineer, Sardah Canal. 



Appendix 2. 

INCOME AND EXPENDITUEE. 



1st Portion of Scheme. 





Hxpenditure. 








Cost 


Watbb. 






Bnpees 


Cubic feet per 
second. 


Supply Channel, 


. • . * * • 


4,94,844 




Main Canal, 


• • . •■«•• 


55,39,632 




Shahjehanpore Branch, 


9,76,620 


351 


Fyzabad Branch to Unchd KherA, 


... ' 52,32,080 


1,065 


Lucknow Branch, 


•«• ••• 


... 18,96,071 


616 


Tramway, 


••• ••• 


18,00,000 




Tools and Plant, 


• • • • • •. 

Total, ... 
jcounts at 3 per c 
Total cost, 


10,00,000 






... 1,69,39,247 


2,032 


Establishment for a< 


ent. 5,08,177 






... 1,74,47,424 





Annual expenditure i, ... 



••• 



••• 



24,92,489 



Works to be completed in 7 years, annual expen- 



diture, say. 



••• 



••• 



••• 



•«• 



••• 



24,93,000 



Do. 
Do. 
Do. 
Do. 
Da 
Do. 



per cent for 7 years compound interest, 32, 80, 538 


do. 6 


do. 


do.. 


31,54,392 


do. 5 


do. 


do.. 


30,32,983 


do. 4 


do. 


do., 


29,16,311 


do. 3 


do. 


do., 


28,04,375 


do. 2 


do. 


do., 


26,96,428 


do. 1 


do. 
f years. 


do., 
••• 


25,92,720 


Total at end of ^ 


2,04,77,747 


more at 2 per cen 


Lv* • • • 


... 


20,47,774 


Grand Total, ••• 


2,25,25,521 



Inccyme. 



« . • 



Cubic feet of water per second. 

Area irrigated at 250 acres per cubic feet> 



... 



••• 



••• 



« • • 



2,032 
5,08,000 



( 2 ) 
A. 

Income derived from water rate at Bs. 2*5 per acre 

5,08,000 X 2-5, 12,70,000 

Miscellaneous dues 92 : 8 : : 12,70,000, 1,10,434 



Gross revenue, 13,80,434 

Deduct maintenance at 8 annas per acre 5,08,000 x ^, 2,54,000 



Leaving a net return of, 11,26,434 

or 5 per cent, on capital of 2,25,25,521. 

Adding for enhancement of land revenue at 12 annas 

per acre irrigated or 5,08,000 x 12 annas, ... 3,81,000 



Gives total net income of, ... 15,07,434 



or 6*69 per cent on capital. 

Income derived from water rate at Bs. 2*6 per acre 

5,08,000 X 2-5, 12,70,000 

Miscellaneous dues 92 : 8 :: 12,70,000, 1,10,434 



Total, ... 13,80,434 
Deduct for maintenance at 10 annas p^r acre, 3,17,500 



Leaving a net return of, 10,62,934 

or 4*71 per cent, on capital 

Adding for enhancement of land revenue at 12 annas 

per acre irrigated 5,08,000 x 12 annas, 3,81,000 



Gives total net income, 1 4,43,934 



or a return of 6*41 per cent, on capital of 2,25,25,521. 

2nd Portion of Scheme. 
JExpenditure. 

Cost Watbb. 

Bnpees Cubic feet per sec. 

Total cost of Canals, 3,01,78,852 4,500 

Portion of do. completed in 1st 7 years, 1,74,47,424 2,032 



Bemainder to be completed in 6 years, 1,27>31,428 2,468 



or per annum^ say 25;49,000. 



./ 



( 8 ) 

25,49,000 plus 4 per cent, for 5 years' compound interest, 31,01,113 
Do. do. 4 do. do., 29,81,820 

Do. do. 3 do. do., 28,67,370 

Do. do. 2 do. do., 27,56,998 

Do. do. 1 do. do., 26,50,960 



Total, 1,43,58,261 

Add for 5 years more at 2 per cent. 14,35,826 



Total Capital, ... 1,57,94,087 

Income. 

Cubic feet of water per second, 2,468 

Areas irrigated at 250 acres per cubic foot, 6,17,000 

A. 

Income from water rate on 6,17,000 acres at 2-5, ... 15,42,500 

Miscellaneous dues 92 : 8 : : 15,42,500, 1,34,130 



Gross revenue, ... 16,76,630 

Deduct maintenance at 8 annas per acre 6,17,000 at 

8 annas^ .... ••• ••» .... . ••• ••• 3,08,500 



Leaving a net return of, ... 13,68,130 

or 8 '66 per cent, on capital. 

Adding for enhancement of land revenue at 12 annas 

per acre or 6,17,000 x 12 annas, 4,62,750 



Gives total net income of, ... 18,30,880 

or 11*59 per cent, on capital. 

B. 

Income from water rate on 6,17,000 acres at 2*5, ... 15,42,500 
Miscellaneous dues 92 : 8 : : 15,42,500, 1,34,130 



Gross revenue, 16,76,630 

Deduct maintenance at 10 annas per acre 6^17,000 at 

10 annas, 3,85,625 

Leaving a net return of, ... ... 12,9 1,005 

or 8*17 per cent, on capital. 

Adding for enliancement of land revenue at 12 annas 

per acre or 6,17,000 x 12 annas, 4,62,750 



Gives total net income of. 1 7, 5 3, 75 5 



or 11*10 per cent, on capital 



\ 



( 4 ) 

COMPLETE SCHEME. 

Expenditure. 

At the end of 17 years both schemes will be in full operation. 

The capital on the 1st is, ... 2,25,25,521 

Do. do. 2nd „ ... ... ... ... 1,57,94,087 



Making a total capital of, 3,83>.19,608. 

The total cubic feet of water per second, ... ... 4,500 

Acres of land irrigated at 25i) acres per cubic feet, ... Il,25,p0ft 

iTicome.. 

A. 

Income from water rate at Rs. 2 '5 per acre 

11,25,000 X 2-5, 28,12,500 

Miscellaneous dues 93. : 8:: 28,12,500, 2,44,565 



Gross Revenue, 30,57,065 

Deduct maintenance at 8 anuas per acre 11,25,000 

X 8 annas, ..• ... 5,62,500 

Leaving a net return of, . . .. ..... 24,94, 565. 

or 6'50 per cent, on capital. 

Adding for enhancement of land revenue^ at 12 annas 

per acre 11,25,000 x 12 aimas, ... ... 8,43,750 

Gives total net income of, .... 33,38,315. 

or 871 p» cent., on capital. 

B; 

Income on water rate at Rsi 2*5 per acre 11,25,000 

X ^'Of ... %• ... ... ... ... juOflJifOVij' 

Miscellaneous dues 92 : 8> :: 28,12,500, 2,44,565 



Gross. revenue^ 30,57,065* 

Deduct maintenance at 10 annas per acre 11,25,000 

X 10 annas, ... .... ... 7,03,125. 



Leaving a net return of, ... .... 23,53,940 

or 6*14 per cent, on capitaL 

Adding for enhancement of land revenue at 12 annas 

per acre 11,25,000^ X 12 annas, .. ... ... 8,43,750? 



Gives total net income of, ... .... 31,97,690 



or 8*34 per cent, on capital. 

J. G. FORBES, Capt, R K, 
Officiating Superintending Engineer^ Sardah CanaL 



( 



Note to Appendix 2. 



COMPARISON OF PRESENT WITH ORIGINAL ESTIMATE. 



First portion of Scheme. 





Original esti- 
mate. 


Present esti- 
mate. 


Increase in 
present 
scheme. 


Decrease in 
present 
scheme. 


Head works at Bunbassa, 


4,70,608 


• • 




4,70,608 


Supply channel, 


4,94,844 


4,94,844 , 




• • 


Main canal. 


66,27,498 


65,39,632 




10,87,866 


Shahjehanpore branch, 


9,76,620 


9,76,620 




• • 


Fyzabad branch to XJnch& Kherfi, 


58,54,037 


52,32,080 




1,21,957 


Lucknow branch, 


18,96,071 


18,96,071 




• • 


Tramway, 


7,39,110 


18,00,000 


10,60,890 


• • 


Tools and Plant, 


■ • 


10,00,000 


10,00,000 


• • 
« 


Total, 


1,65,68,788 


1,69,39,247 


20,60,890 


16,80,431 


Establishment for accounts, 

• 


• ■ 


6,08,177 


5,08,177 


• • 


Grand Tot^.1, 


1,65,58,788 


1,74,47,424 


25,69,067 


16.80,431 



Excess of present above original estimate, 



• • • 



8,88,636 



Omitting the items in the present scheme which were not included in 
the original one, the total cost will be Bupees 1,48,7-8,357, (against Rupees 
1,65,58,788, the cost of the original scheme) ; as follows : — 



Excess of tramway. 
Tools and Plant, 
Establishment for accounts. 



• .. 10,60,890 
... 10,00,000 
... 5,08,177 



Total cost of additions, 
Total of present scheme. 



... 25,69,067 
... 1,74,47,424 



Present scheme less additions, ... 1,48,78,357 






( 2 ) 



Whole 


scheme. 


Ordinary discharge^ 


... 5,014 cubic feet. 


Possible do., 


5,814 „ 


Estimated cost of present scheme, 


••• ••• ••• 3,01,78,852 


Additions in present scheme. 


Navigable canals, 


... 7,47,993 


Tools and Plant, 


... 10,00,000 


Addition to tram way. 


... 10,60,890 


Phillibheet road, 


30,000 


Establishment for accounts, . . . 


... 6,76,244 35,15,127 



Cost of present scheme without additions, 



• . • 



... 2,66,63,725 



or Rs. 5,317 per cubic foot of water entering the head, against Es. 6,426 
per cubic foot of water in the original scheme. 

Taking the water which it is possible to send down the canal, for 
comparison, with the original scheme, we get : — 



Cost 

Present scheme, ... Bs. 2,66,63,725 
Original scheme, ... „ 6,17,15,238 



Possible Cost per 
discharge. foot. 

C. F. 5,814 B& 4,586 
„ 10,780 „ 5,725 



Even taking the cost of the present scheme with the additions above 
mentioned, or Rs. 3,01,78,852, the cost per cubic foot of water of ordinary 
discharge is, ... ... ... ... ... ... ... 6,018 



The cost per cubic foot of water possible discharge is, ... 5,191 



^ 



J, G, FORBES, Capt., r. b., 

OfficicUing Superintending Engineer, 

Sarddh Canal. 
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